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IMPACTS OF CLIMATE CHANGE AND EMPLOYMENT OF GREEN
TECHHOLOGY

Abstract. This paper examines the ruinous effects of climate change and ways
of curbing them. For the purpose of mitigating climate change, the importance and
objectives of green technology are outlined.
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HOCJIEACTBUA UBSMEHEHUA KIIMMATA U UCITOJIBb3OBAHUE
«3EJIEHBIX» TEXHOJIOT'UHA

AHHOTanMs. B 3TOI cTarbe paccMaTpUBAaETCs Pa3pyLIMTEIbHBIE TIOCIEICTBUS
M3MEHEHUs! KJIMMaTa M CIocoObl MX CAEp)KMBaHUs. [ cMsrdeHusl MociencTBUi
M3MEHEHHS KIIMMAaTa U3J1araloTcsi BAXKHOCTD U LN «3EJIEHBIX» TEXHOJIOTHIA.

KiarwueBble cj10Ba: 3elICHbIC TEXHOJOTHH, MTAPHUKOBBIN 3(PdeKT, TIodanbHoe
MOTEIUICHHE, N3MEHEHUE KJIMMaTa, NapHUKOBBIN ras.

The terms “global warming” and “climate change” are frequently used without
difference in meanings. Climate change refers to varying of Earth’s temperature,
humidity, air pressure, wind, clouds, and precipitations over time. Global warming
affects climate change and refers particularly to the effects of greenhouse gases on
earth’s normal surface temperature. The “greenhouse effect” is the warming that is
caused when certain gases in Earth’s atmosphere trap heat. Climate change threatens
the survival of humans and other living organisms.

Climate change has caused frequent and intense drought, horrific fires ravaging
wildlife, storms, warming oceans, melting glaciers, abnormal heat, blizzards, thawing



permafrost, rising sea levels, and caused a harm to people’s livelihoods and
communities. Earth’s atmosphere contains various gases that trap heat from the sun
and prevent it from escaping back into space — these gases are referred to as greenhouse
gases. When the sunlight comes to the climate, a few of it is reflected back to space
and the rest is retained and re-radiated by greenhouse gasses. Most of greenhouse
gasses that happen in nature are carbon dioxide, methane, and nitrous oxide. Others,
such as chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HFCs) are only
produced by human activities. If the greenhouse gases did not impact, the planet would
be too cold to support life. Over time, the sum of greenhouse gases caught in Earth’s
atmosphere has expanded definitely, causing around the world temperatures to rise.
Before this fact, natural factors have been the cause of these changes. Natural
influences on the climate include solar irradiance, volcanic eruptions, ocean currents,
solar variations, internal variability, changes in the orbit of the Earth, and shifts in the
Earth’s crust (known as plate tectonics). However, since the Industrial Revolution in
the 1800s, the global temperature has increased at a tremendous rate. Burning fossil
fuels, producing cement, altering how we use the soil, human activity has rapidly
advanced the adverse changes to our climate. It is evident that human activities
deteriorate the state of the Earth’s climate. The abrupt increase in temperature
accompanying this aggressive change in our climate is detrimental to humans and other
living things. As consequential as the effects of climate change are expected to be on
the world, the forecasted changes to our society may even be more catastrophic.
Agriculture is likely to be damaged seriously — this could cause severe crop failures
and livestock shortages worldwide. This shortage of food may, in turn, lead to the
growth of international food markets and could cause famines, political instability, and
civil unrest worldwide. In addition, experts predict serious and dramatic problems for
future generations [1].

In order to take control of climate change, it is vital that we employ the use of
technology that reduces the impacts of human activities on the environment and protect
it. This technology is referred to as green technology. The most reason of green
innovation is to moderate down worldwide warming and moderate the greenhouse
impact. The main idea is the creation of new technologies which do not damage the
natural resources and ensure their reusability. This will result into less harm to
individuals, animals and the common wellbeing of our planet. It is evident that our
planet starts to suffocate from all the pollution we create. The use of green technology
can help immensely in mitigating pollution. Our planet is covered by refusal tips, and
the air is polluted by by-products from the combustion of fossil fuels. All of this has
put our planet in great danger, which requires the urgent introduction of “green”
technologies around the world. More and more countries are presently turning to this
sort of innovation to reduce harmful effects on the environment and protect it from
unfavorable impacts. Fossil fuels are non-renewable resources and will soon be
exhausted, so it is crucial for people to switch to greener alternatives. Due to green
technology, people can proceed to harness the energy from nature through solar panels,
wind turbines, dams, and geothermal wells, amongst many others. As a result, fossil
fuels will not be depleted, greenhouse gases will be reduced, and global warming will
be mitigated. Green technology can also lead to stability of prices, as these sources are
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often produced locally and are not affected by geopolitical crisis and transportation
costs [2].

The term “green technology” has a broad meaning. It deals with using science
and technology in order to protect the environment. A lot of techniques fall under this
term such as the use of green chemistry, environmental monitoring, construction of
self-sufficient buildings, harnessing solar energy, production of vehicles that do not
emit gases, and more. Green technology aims management and recycling waste
material — it allows it to be used for beneficial purposes. This technology is used for
waste management, waste incineration, wastewater treatment, and more. A lot of
recyclable materials have been used to create plant fertilizer, sculptures, metals, glass,
fuel, and even furniture. The most commonly recycled materials include aluminum,
steel, plastic, and paper. Green technology helps purify water — the shortage of pure
drinking water has been a major concern. Through the use of various technologies, a
lot of campaigns launched have been successful in providing people with pure drinking
water. Carbon dioxide emissions released as a result of the development of technology
and production are extremely harmful to the planet. Green technologies help reduce
carbon emissions and purify the air [3].

There are several advantages of using green technology. One benefit of
environmental technologies is that they enable us to save plenty of energy. Through
the use of conventional cars, large amounts of noxious gases are emitted into our air.
Green technology like electric cars can help in mitigating air pollution. Usually, large
amounts of pesticides and fertilizers are used in farming, which decimates wildlife,
highly pollutes the soil, and reduces its fertility in the long run. The use of green
technology can help to improve the efficiency of the fertilizers and pesticides so that
less quantity of the fertilizers and pesticides will be used — this will enhance the quality
of the soil. The products of green technology will replace eco-unfriendly materials like
plastics and improve our environmental well-being. We cannot deny the fact that
businesses are always seeking better ways to help lower the costs of their activities. To
be precise, construction businesses can benefit from green energy solutions in many
ways. Countless studies have shown that there is a crucial need for construction
businesses to employ green technologies [4].

Green technology has some drawbacks such as high cost of implementation,
insufficient information, uncertainty about performance impacts, lack of human
resources and skills, etc. However, creating awareness among people, addressing these
downsides, and having more skills will ensure the safety of our planet and repair the
colossal damage it has suffered.
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COLLOID-CHEMICAL PROPERTIES OF XANTHAN GUM

Abstract. Xanthan gum is a biodegradable natural polymer which dissolves in
water well. The main properties of xanthan gum are the ability to increase the viscosity
of solutions and the absence of negative influence on the body. The latter ensures its
use in cosmetic and food industries, especially, in healthy food. Thus, the goal of the
work is to study the properties of xanthan gum and the expand areas of its application.

Keywords: xanthan gum, viscosity, stratification, isoelectric point.
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KOJIJIOMJHO-XUMHUYECKHUE CBOMCTBA KCAHTAHOBOM KAME/IHN

AnHoranusi. KcaHtaHoBasi kaMeap SIBIsieTCS OMOpasiiaraéMbIM MPUPOIHBIM
MIOJINMEPOM, KOTOPBII XOpOLIO pacTBopsieTcss B Bojae. OCHOBHBIMU CBOWCTBAMH
KCAaHTAaHOBOM KaMeAM SBISIOTCS. CIHOCOOHOCTHh MOBBIIIATH BSI3KOCTh PAaCTBOPOB H
OTCYTCTBHE HEraTUBHOIO BIMsSHMS Ha opraHusM. llocnennee oGecrneunBaer ee
UCIOJIb30BaHUE B KOCMETHMYECKOW M MUIIEBOW MPOMBILIUIEHHOCTH, OCOOEHHO B
3I0pOBOM NHUTaHUU. TakuMm oOpa3oMm, LENbI0 JaHHOM paldOThI SABISETCS HU3YUCHHE
CBOMCTB KCAaHTAaHOBOM KaMe/ly U pacuIipeHue odnactell ee NpuMeHEeHUs.

KiroueBble  c10Ba:  KCaHTaHOBas  KaMmelb, BSA3KOCTb,  PAaCCIOCHHUE,
M303JIEKTPUYECKasl TOUKa.

Xanthan gum (xanthan) is prepared by fermentation of glucose, sucrose or
lactose using Xanthomonas campestris bacteria. It is a polysaccharide whose main
chain consists of B-D-glucopyranose residues interconnected by a 1.4-glycosidic bond.
The side chain consists of the residues of mannose, glucuronic and catalyzed pyruvic
acid (Fig. 1). The number of pyruvate groups determines the viscosity of aqueous
xanthan solutions [1].

Xanthan is used as a stabilizing, emulsifying, thickening agent in food, oil,
pharmacological, mining industries and medicine. For food purposes, potassium,
sodium or calcium salts of xanthan formed by carboxyl groups of glucuronic acid and
pyruvate group are used [2].

main chain:

side

chain: (pyruvate) OH n
ovoc”\ © o i (H’
0 H HO 5
(acetate)

Fig. 1. Structural formula of xanthan gum

Xanthan gum is a pharmaceutical substance well known for its ability to form
suspensions and gels. One of its most important properties is the ability to increase the
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viscosity of the liquid. It is the most popular viscosity modifier of suspensions in
medicine [3].

In this regard, the purpose of this research is to study the dependence of the
properties of aqueous solutions of gums on temperature and pH level, which opens up
wide possibilities for its practical use, for example, in medicine to obtain new
biologically active compounds, in cosmetology, in the food industry.

The gum used in the food industry was selected for the study. IR spectra of
xanthan gum were measured and showed no impurities in this xanthan gum (Fig. 2).

<_

/mw W

" 3000 2500 2000 1750 1500 1250 1000 750 500
1lcm

Fig. 2. IR spectrum of xanthan gum

A study of the effect of temperature on aqueous solutions of xanthan gum shows
that stratification of the solution is observed at a temperature above 90 °C. As the
temperature decreases, the solution returns to the single phase condition again. The
behavior of the viscosity of solutions when changing temperature is standard: when
heated, the viscosity of solutions decreases, and when cooled, it increases.

Studying the viscosity of xanthan solutions under various pH conditions will
make it possible to understand the conformational state of macromolecules. Polymer
molecules change their conformation upon contact with water, maintaining molecular
weight. In water, polymer chains flatten, thereby increasing the volume of the
molecule.

At concentrations above 0.5 %, the high viscosity value remains substantially
unchanged in the range of pH 2 to 12, slightly decreasing at the extreme points. On the

other hand, the lower the concentration, the more noticeable the effect of pH on the
viscosity (Fig. 3).
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Fig. 3. The dependence of the viscosity of the gum solution on the pH of the medium.

The graph shows that the viscosity is minimal in the neutral medium, then begins
to grow as the pH increases or decreases. The observed decrease in viscosity in the
range of pH values close to neutral is similar in nature to the isoelectric point (IET) of
amphoteric polyelectrolytes (polyampholites), in which the degree of swelling and
solubility depends on the pH of the solution. The isoelectric point is the value of the
pH of the solution at which the least swelling and solubility is observed, this is due to
the zero average total charge of the macromolecules of the polyelectrolyte. In IET, the
repulsion force between the functional groups of the polymer is minimal, the
macromolecule is folded into the densest tangle and due to the minimum volume of the
globule, it prevents the flow of liquid the least. The IET value does not depend on the
concentration of the polyelectrolyte and is its important constant, depending on the
composition of the polymer, the strength of the basic and acidic groups, the ratio of
charged and neutral polar groups. The larger the acid groups in the macromolecule, the
smaller the pH at the isoelectric point. In the initial gum, part of the carboxyl groups is
in salt form, the more these groups, the closer the isoelectric point to pH 7, as follows
from the data presented in Figure 3, the IET of xanthan gum is 7.2. As the pH decreases
or increases, the macromolecule flattens and because of suppressing ionization of the
ionic groups of the same name, the viscosity of the solution decreases again.

Conclusions:

1. An IR spectrum of xanthan gum was obtained, which showed the absence of
impurities in its composition.

2. An important constant of polyampholite is determined — the isoelectric point
of the gum, at which the macromolecule is folded into the densest tangle and due to the
small volume of this tangle prevents the flow of liquid the least.

3. The study of the effect of the pH medium on the viscosity of xanthan gum
solutions is of practical importance when using xanthan gum as a thickener in gluten-
free flour. It is important to know how the solution will behave when the environment
changes during the production of products.
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INCREASING THE EFFICIENCY OF ENERGY SAVING IN THE
ENTERPRISE THROUGH ENERGY SAVING TECHNOLOGIES

Abstract. This article analyzes the current situation of energy supply and

identifies the potential for energy savings in enterprises. Energy saving measures are
also selected.

Key words: electricity, energy efficiency, energy saving, energy service.
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HOBBIINEHUE DPPEKTUBHOCTU DQHEPT'OCBEPEXEHUS HA
NPEJNPUATHU 3A CUET SQHEPITOCBEPEI'AIOIIUX TEXHOJIOTI UM

AHHOTauMs. B 1aHHOM cTarbe MNPOBOJWUTCSA AaAHAIU3 TEKYIIEH CHUTyaluu
DHEPTOCHAOXKCHHS M BBISIBIICHHE MOTEHIIMAA YHEProcOepeKeHUsT Ha TIPEANPUATHSIX.
Taxoke mogOMparoTCs MEPOTIPUITHSI TI0 YHEPTOCOCPEIKESHUTO.
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HHUE, SHEPTOCEPBHUC.

The problem of the energy industry is very acute today, since the constant
development of industry and technology leads to a significant increase in energy costs
and to a decrease in energy efficiency and energy saving at any enterprise [1]. Thus,
the most important direction in the development of energy efficiency policy is to reduce
energy consumption and increase energy efficiency of enterprises [2; 143].

In the modern world, energy service has become widespread, which is a set of
measures aimed at optimizing the consumption and production of electricity at any
industrial facility.

With the right approach, it is not so difficult to improve the efficiency of work
execution, as well as reduce energy consumption.

The whole essence of the measures is aimed at the fact that the consumption of
energy resources should be reduced, while the number of products produced will
remain unchanged. Or the productivity of the enterprise should be increased, and the
electricity consumption should remain at the same level.

The result of the implementation of measures to improve energy efficiency at
enterprises is a significant increase in the economic effect of the enterprise, an increase
in the competitiveness of the product in the world market. The reason for such changes
Is that the energy consumption for the production of a unit of goods decreases and, as
a result, there is no urgent need to increase the price.

Another beneficial result of the implementation of energy efficiency measures is
the modernization of equipment, which reduces energy consumption, as well as
minimizes risks, which increases the safety of the technological process.

In order to determine the energy saving measures that can be carried out in
relation to the consumed electricity, it is necessary to carry out:

1. Analysis of the situation of consumption and production of electricity. It
includes two types of audit — an audit of power supply conditions and an audit of the
technical condition of equipment and all production support systems of the enterprise.

An audit of energy supply conditions allows assessing the following parameters:
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e the economic benefit of working with an electric energy supplier (if there
was no particular choice before, today every enterprise can choose the
optimal conditions for the supply of electric energy);
conditions of pricing for electrical energy;
the mode of consumption of electrical energy;
control of electricity consumption.
An audit of the technical condition of the equipment allows you to assess
the following parameters:
e potential for increasing energy efficiency during modernization —
equipment;
e economic feasibility of introducing energy-saving technologies;
e anumber of measures to achieve economic effect;
e the timing of achieving the desired results in savings when carrying out
the necessary measures.

2. ldentification of the company’s energy saving potential.

3. Energy saving program.

4. Energy saving measures [3; 373].

Energy efficiency and energy saving in the enterprise will depend on the correct
implementation of measures, the plan of which is drawn up after a thorough analysis.

For convenience, all events can be conditionally divided into 2 main groups:

1. Mandatory measures, the implementation of which is necessary in accordance
with the requirements of regulatory legal acts. This includes measures such as
equipping all buildings and facilities with electricity meters and optimizing workplaces
and workshops.

2. Activities that are optional, but provide economic benefits. For example,
replacement of equipment [4].

In order to achieve low energy consumption in production quickly enough and
with minimal costs, it is necessary to carry out the following measures, the payback
period of which will be from two to three years (Table 1).

Table 1
Energy saving measures at the enterprise
Event Potential effect
Installation of reactive power This event allows you to get additional
compensation devices (UKRM) power and save electricity, since when

the limit values of the power factor (over
150 kW) are exceeded, increasing
coefficients can be applied to tariffs for
transmission services.

18



Continuation of Table 1

Installation of variable frequency drives
to control electric motors

This measure also leads to a significant
reduction in electrical energy

consumption, since a large share of
electrical energy consumption in
industry is accounted for by AC motors.
This machine fork is overly energy-
consuming and the VFD installation
solves this problem, reduces energy
consumption by optimizing the system
control and minimizing the installed
power.

The implementation of this measure will
allow you to control costs and, with
proper planning of consumption, will
help in optimizing energy costs.

This event, in combination with the use
of automatic switches in lighting
systems, will help reduce energy costs
by up to 70 %.

Such not very expensive measures will
also help to save money.

Installation of electricity consumption
monitoring systems

Replacing the existing lighting system
with a more energy efficient one

Coloring the room in light colors,
reducing the use of personal appliances,
etc.

Thus, the implementation of the above measures leads to the following results:
reduction in the cost of purchased energy resources and, as a result, the enterprise
receives an economic effect; the use of energy resources per unit of product is reduced,
which leads to an increase in the competitiveness of the product in the market; due to
the modernization of equipment, accidents, the possibility of equipment failure and a
number of other factors are reduced [5; 42].

The implementation of these measures will lead to an improvement in the energy
efficiency of the enterprise. Their implementation will lead to a reduction in energy
consumption while maintaining the current production volume, or to an increase in
production volumes while maintaining the current consumption of energy resources,
depending on the company’s plans, which, in turn, will lead to a decrease in energy
costs.
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HYDROGEN STORAGE

Abstract. An important problem in hydrogen energy is the storage of hydrogen.
In fact, storing hydrogen is very expensive, more expensive than producing it. Storage
also has a number of specific conditions, consisting of: low temperature, high pressure,
and a number of other parameters. Storage requires reliability and security. Our energy
industry has learned to store hydrogen in gaseous form under pressure and in liquid
form.
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dissociation.
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XPAHEHHE BOAOPOJA

AnHoTanusi. Baxnas mnpoOiema B BOJOPOJHOM DHEPreTHKE — XpaHEHUe
BOJIOPO/Ia, OHO JOPOKE, YeM €ro MPOU3BOJCTBO. XpaHEHUE TaKXKEe HMEET P
OTIpENICTICHHBIX YCJIOBHUI: HH3Kas TEMIlepaTypa, BBICOKOE JaBICHUE U JApyTHe
napamMeTpbl. XpaHeHue TpeOyeT HaJeKHOCTH M Oe3omacHocTu. Hamma sHepreTuka
Hay4YHJIaCh XPaHUTH BOJOPO: 1) B ra3000pa3HOM BHUJIE MO AaBICHUEM, 2) B HKHIKOM
BHU/I€, 3) B TBEPABIX HOCHUTEIISAX.

KaroueBble cj0Ba: BOAOPOJ, H3OJSANMS, THAPUI, KOHBEPCHUS, CKIKCHHE,
THIPOJTU3, TUCCOIHAIIHSL.

The easiest and most effortless way to store hydrogen is in a gas — like form
under pressure. This technology is not very expensive, but it needs strong cylinders.
The storage of hydrogen by this method did not turn out to be a big problem, because
the principle of storage, structure and technical component, has long been worked out
in the storage of natural gas.

Storage of hydrogen in gaseous form is classified into ground and underground
storage.

The most affordable and inexpensive method for large — scale storage of
hydrogen is underground caves. There are different types of caves: salt caves and
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aquifer structures. The salt is arranged in the form of plates that are several hundred
meters thick. They practically do not pass air and water. Aquifers are located in well-
absorbed geological levels. The gas is introduced into the layer in which the water was
located, where it accumulates. This method is only used in special geological
conditions, and is only available in certain regions.

Ground storage is different in size, it is much smaller than underground caves.
A big positive feature of the containers, they do not pass hydrogen, leakage is
practically excluded. Containers with a standard pressure of 20 MPa are usually used.
There are also higher pressure tanks (>20 MPa) and low pressure spherical tanks (1.2-
1.6 MPa). Cheap, fairly practical material-steel, but quite heavy, is often used in the
manufacture of tanks for storing hydrogen. Some are made of aluminum, which is
much lighter than containers made of steel [1].

Storage of hydrogen in liquefied form, easier to operate, as a container with
liquid hydrogen, lighter than containers under pressure. Liquefied hydrogen has been
used as fuel in space technology for many years. But the storage technology is complex,
since hydrogen at a temperature of 20.25 K passes into the liquid phase, and it is
necessary to eliminate evaporation by carefully isolating it. But evaporation is
inevitable, and the tanks lose energy, about 3 % per day. Therefore, combined
insulation is used. That is, vacuum and conventional insulation. Where the vacuum
reduces the thermal conductivity, by reducing the pressure. And conventional
insulation reduces the heat transfer that occurs through radiation. To quite successfully
reduce the evaporation of hydrogen, it is necessary to cool the walls of insulating
materials. This helps us to reduce the temperature difference, which allows us to reduce
the heat flow.

Hydrogen is also stored in a bound form (metal hydrides). Hydrides are metal
atoms that occupy the main place in the lattice, as well as hydrogen atoms that are
located in these lattices under the guise of defects. The storage of hydrogen in the
hydride form avoids the use of huge containers or cylinders that are required for the
storage of gas-like or liquid hydrogen. Storage in this form allows you to reduce the
volume by 4 times compared to storage in containers. Hydrogen in this form is easier
to move. Costs are reduced because no conversion or liquefaction of hydrogen is
required [2].

To obtain hydrogen from metal hydrides, two methods are used: hydrolysis and
dissociation. If you use the hydrolysis method, it allows you to get twice as much
hydrogen, but this process is irreversible. And the method of dissociation of hydride,
allows you to create batteries.

Storage of hydrogen in the hydride form has no strict conditions, except for the
cost of a particular material.

Cryoadsorption storage of hydrogen is a technology that combines hydric
technology and liquid hydrogen storage technology.

The storage of hydrogen takes place in cryogenically cooled containers
containing the hydrogen-adsorbing material.

This approach gives an advantage over the storage of hydrogen in the form of
hydrides due to the fact that the amount of hydrogen per unit mass of the adsorbent is
greater than that of hydride storage.
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At the same time, the cost of the adsorbent is lower than the cost of metal alloys
for hydrogen hydride storage. The capacity of the adsorbent depends on the
temperature: the lower the cryoadsorption temperature, the higher the capacity. This
significantly reduces the overall cost of hydrogen storage, even with the high cost of
hydrogen cooling. The operating temperatures of the cryoadsorption are higher than
for liquid hydrogen storage systems (-253 °C versus -208 to -195 °C for
cryoadsorption. Adsorption occurs at an excess pressure of about 4.2 Mpa, and
desorption occurs at 0.2 MPa.

An example of such hydrogen storage is the use of activated carbon as an
adsorbent. At a temperature of -195 °C, the storage capacity of the product is 68 g / kg
of adsorbent, with a further decrease in temperature to -208 °C, the capacity increases
to 82 g/kg. As we can see, such a system of hydrogen storage in terms of mass
characteristics exceeds not only the storage of hydrogen under pressure, but also in
hydrides. However, in terms of storage volume, this scheme is inferior to metal-hydride
and liquid-hydrogen storage methods [3].

To sum up, it can be said that storing hydrogen under pressure and in liquid form
Is the most cost-effective and proven over time. The remaining methods require further
development.
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Abstract. This article deals with lithium-ion batteries. The chemistry of
processes occurring in them, the mechanism of operation and the history of
development are described in an accessible and understandable way.
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In the modern world, accumulators and batteries have become a part of our daily
life. Before going to bed, a huge number of electrical appliances are put on “charging”:
a cell phone, an electronic watch, a laptop, a portable battery, and others. The quantity
of these devices depends only on person’s budget and love for modern technology.
Usually, when buying the same gadgets that were discussed above, people do not think
about what kind of battery they have. And only after months of use, the realization
comes that it was necessary to find out this issue. A lot of studies have shown that a
lithium-ion battery is the best for today. Consider the definitions that are important —
the chemistry of processes occurring in lithium-ion battery and the mechanism of its
operation [1; 6].

The history of the development of chemical current sources, electrochemical
cells and accumulators goes back many years. After the invention of the electrophoretic
machine, the first current source was the Volt element, named after its creator. Italian
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physicist A. Volta explained the reason for the galvanic effect, discovered by his
compatriot L. Galvani. In March 1800, he reported on the creation of a device, later
called the “voltaic column”. Thus, the era of electricity began, which gave light, heat,
and the danger of electric shock to the world. These were galvanic (primary) elements
that allowed us to begin the study of electricity. In the first half of the nineteenth
century, they were the only sources of electrical energy. Before their appearance, only
the laws of electrostatics were known, there was no concept of electric current and its
manifestations. Already in May 1800, A. Carlyle and W. Nicholson carried out the
electrolysis of water. In 1803, the processes of electrodeposition of metals were
discovered. In 1807, electrolysis of molten salts was performed. Further chronology of
discoveries:1819 — the magnetic action of the current by X. Oersted; 1820 — the
interaction of conductors with the current by A. Ampere; 1827 — Ohm’s law by G. Om;
1831 — the law of electromagnetic induction by M. Faraday; 1834 — the creation of the
first electric motor by B. Jacobi; 1839 — the creation of the first fuel cell by U. Grove;
1843 — the thermal action of the current is described by J. Joule; 1859 — the first
working acid-lead battery by G. Plante; 1860 — the first efficient generator by F.
Hefner-Alteneck [2; 39].

After the creation of a fundamentally new source of electrical energy, an
electromagnetic generator, chemical current sources have lost their primary
Importance. Generators surpassed their predecessors in economic and technical
parameters, but chemical current sources (CCS) continued to be improved and
developed as autonomous sources for communications. Chemical current sources are
devices in which the energy of a chemical reaction is transformed into electrical energy.
A new impetus to the improvement of CCS in the early twentieth century was the
development of radio engineering and the automotive industry. Primary cells and
batteries were the only power sources for communications, and starter batteries were
required for cars. The development of military equipment also contributed to a sharp
improvement in the characteristics of the CCS [2; 42]. So, the development of CCS
gradually began, which has now led to a huge variety of accumulators and batteries.
Now, having learned a brief history of the development of CCS, we will proceed to a
detailed review of the mechanism of battery operation.

To explain the principle of battery operation, let’s take a device that almost every
inhabitant of the planet has in the modern world — a smartphone.

All batteries have positively and negatively charged contacts, through which
electricity enters our smartphones. Electricity can be considered the flow of electrons
(elementary particles with a negative electric charge, which are part of all atoms, and
therefore of any ordinary substance). And in a smartphone, negatively charged
electrons, flying from the negative pole to the positive, make devices such as speakers
or display work. Since it is a lithium-ion battery, the electrons come from the lithium
cell. At the negative pole, which is called the anode, lithium is stored between layers
of carbon graphite (such as in your pencil). Graphite has a layered crystal structure,
which allows lithium to be located in each of the layers. The technical name is
intercalation. Graphite functions as a kind of stable place to store lithium atoms. One
important property of the lithium element is that it “doesn’t like” its external electron,
and it wants to “get rid” of it. When there is a path from the negative contact to the
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positive one, the electron breaks away from the lithium and goes there. At the same
time, lithium “leaves” graphite and becomes positively charged (+1), that is, it becomes
an ion. (An ion is an atom that has lost or gained an electron and thus gained a charge).
When many lithium atoms receive a positive charge, a stream of electrons is created at
this point. Now let’s move on to the positive pole, which is called the cathode.

Here is cobalt (a silvery-white, slightly yellowish metal with a pinkish or bluish
tint), which “gave” some of its electrons to oxygen, thus becoming positive, charged
(+4). As a result, it “wants” to get the electrons back.

When positively and negatively charged electrical terminals are connected to the
phone, the electrons “run” from lithium, which “has the desire to give away” the
electron, through the chips and components of the phone, making them work up to
cobalt, which “has the desire to accept” the electrons. With the flow of electrons from
the negative to the positive pole, the cobalt side becomes more negatively charged, and
the lithium side becomes more positive. The electrons “want to flow” in this direction,
but at the same time the electrons “don’t like to flow” into a region that is becoming
increasingly negatively charged, this is because opposite charges attract and similar
charges repel. So, to fix this, we give positively charged lithium ions that have recently
“left” graphite a “path to go to the other side”. This pathway is called the electrolyte.
And its function allows you to “move” a positively charged lithium-ion from one side
to the other, while not allowing an electron to pass through it. When lithium moves to
the cobalt side, it again wedges or intercalates the cobalt and oxygen to turn into lithium
cobalt oxide.

An accumulator is a result of this process. During the day, the lithium atoms
leave the graphite layers and separate from their electrons to become lithium ions.
Electrons “travel” from the negative pole through circuits and components (giving the
energy to work with) to the positive pole (cobalt atoms). At the same time, lithium ions
“travel” through the electrolyte to neutralize the accumulating charge and maintain the
reaction. Thus, almost all of the lithium left the graphite layers and joined the cobalt to
become lithium cobalt oxide. The accumulator went dead.

Now that the accumulator is low, let’s charge it. When a smartphone is
connected, the charger causes the electrons to move in the opposite direction. The
electrons are “pulled” out of the cobalt, thus returning the cobalt to its positive state
(+4) and “knocking out” the lithium ions. On the other hand, the electrons are returned
to lithium, which is returned through the electrolyte to graphite. That is, it is the exact
opposite of the previous process. Therefore, this accumulator is rechargeable. Lithium
and its electrons move in one direction when a smartphone is used and in the other
when it is charged [3].

Let’s go back to the beginning and add a few important details. Firstly, the
cathode and the anode must not be touched. If the cathode and anode came into contact
and lithium remained in the graphite, the chemical reaction would continue unchecked
and cause a fire or a small explosion. Therefore, an impermeable semi-conductive
separator that allows lithium ions to pass through is located in the middle. Secondly, it
Is worth noting that graphite and cobalt peroxide does not know how to collect or
distribute electrons, so a conductive layer of copper is added next to the graphite at the
anode and a conductive layer of aluminum next to the cobalt peroxide. These two layers
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or sheets are called collectors. Thirdly, there is always a certain percentage of lithium
remaining in the anode, cathode, and electrolyte, regardless of whether the battery is
fully charged or discharged. Fourthly, to maximize the battery capacity and allow it to
fit into a smartphone, all these layers are squeezed and folded into a rectangular prism.
Fifthly, to regulate the flow of electricity, an electrical chip is added to the top of the
battery, which prevents overcharging and damage to the battery. This is probably the
easiest way to explain the design of a lithium-ion battery [4; 45].

Summing up, the positive aspects of lithium-ion batteries can be highlighted.
The specific characteristics of lithium-ion batteries are at least twice as high as those
of nickel-cadmium batteries and perform well when operating at high currents, which
IS necessary, for example, when using these batteries in cell phones and laptop
computers. Lithium-ion batteries have a fairly low self-discharge (2-5 % per month).
Manufacturers are continuously improving the technology of lithium-ion batteries.
There is a constant search and improvement of the electrode materials and the
composition of the electrolyte. In parallel, efforts are being made to improve lithium-
ion batteries’ safety at the level of individual current sources and the level of control
electrical circuits [5; 5].
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Today it is difficult to imagine any sphere of human activity where polymeric
materials are not used. The main problem of synthetic polymersusage is their chemical
stability allowing towithstand natural physical and chemical factors for a long time,
such as: solar radiation, heat, humidity, air oxygen and biological factors, for example
impactof microorganisms during many decades without considerable destruction of
materials. Polymers and their residues are preserved in the environment for a long time,
causing significant ecological harm to the environment, and the combustion of such
materials leads to the emission of toxic gases. For this reason in recent years the world
has shown a particular interest in biodegradable and biocompostable polymers [1].
Natural high molecular weight compounds (proteins, nucleic acids, polysaccharides,
glycoproteins, lipoproteins, liposaccharides, etc.) decompose relatively quickly
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(several months to several years) into simple chemical compounds. These compounds
do not have such a strong detrimental effect on modern ecology.

However, biopolymer materials do not have such a wide range of properties as
synthetic polymer products, so they cannot fully replace artificial thermoplastic
materials. It is also worth noting that at the moment biodegradable materials are not
widely used in domestic sphere for the reason that their decomposition time in the
environment can be the same as that of plastics.

Biodegradable polymers are a class of high molecular weight compounds
containing products of biological organisms (cellulose, protein, starch, nucleic acid,
natural resin, etc.) capable of decomposing into environmentally neutral substances
under appropriate conditions [2].

Biodegradable polymers undergo significant changes in their molecular weight
and mechanical properties when exposed to a biologically active medium or provide
nutrients that ensure the growth of microorganisms. Hydrolysis and photochemical
degradation of biodegradable polymers take place in such media. Eventually
biopolymers decompose into components that participate in the natural cycle, such as
water, carbon dioxide, biomass and others. The main advantage of biopolymers is their
ability to biodegrade within a very short time, unlike traditional analogues derived from
petrochemical raw materials.

One of the most promising biodegradable materials are aliphatic polyether based
on lactic acid — polylactides (PLA) obtained by polycondensation of lactic acid or
polymerization of lactide. Corn, sugar cane, rice etc. are used as raw materials for PLA
production. PLA products are characterized by high rigidity, transparency and luster.

It is also worth noting that one of the most important biopolymers in industry is
starch-based biopolymer. One of the first materials based on starch from various types
of plant raw materials — potatoes, corn, wheat, rice-were obtained. A large review on
biodegradable materials based on starch and its derivatives is presented by Russian
scientists.

Starch is a polysaccharide accumulated during the vital activity of plants in their
tubers, seeds, stems and leaves. The main sources for its industrial production are
potatoes, rice, wheat, and corn. In plants, starch is present in the form of granules,
which vary in diameter from 5 to 100 microns.

Starch is not a true thermoplastic, but in the presence of a plasticizer (water,
glycerin, sorbitol, etc.) at high temperatures of 90-180 °C and shear it melts and
liquefies, thus allowing it to be used in molding, extrusion and blow molding
equipment used for synthetic plastics.

PVS is a linear, weakly branched polymer, so one of the most promising ways
to reduce the solubility is the use of low molecular weight substances that interact with
PVS macromolecules and form transverse chemical bonds, which, on the one hand,
form a spatial network structure and, on the other hand, increase the degree of
polymerization of PVS.

Problems of biodegradability

At the moment, science does not yet have precise criteria for assessing
biodegradability and compostability. Composting is a self-heating, aerobic process of
biodegradation of organic waste with plant dry additives. Under optimal conditions:
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temperature, humidity and pH, composting is completed in 3 months; under normal
conditions, it takes 1-2 years to produce humus for soil fertilization. The composting
process is mainly an oxidative one. It can proceed in piles or cauldrons from 94 to 157
cm in height at a certain moisture content.

Biodegradation of mixtures depends on the size of crystallites, the presence of
amorphous part, the physical state of the surface, the combination of phases, the species
of microorganisms in the biodegradable medium and is determined mainly by three
parameters: absorption of oxygen, change in optical density, loss of weight of the tested
product and change in weight of the resulting biomass.

It is better if both hydrolytic and enzymatic degradation occur simultaneously in
the biodegradation process. And while there is debate about the applicability of certain
standardisation methods for biodegradation and composting, all over the world refer to
the requirements of DIN 54900, which is divided into 3 parts: DIN 54900-1, which
determines the presence of harmful (organic and inorganic) products that cannot be
degraded in compost; and DIN 54900-2, which determines the complete
biodegradation of each component in the laboratory and others [3].

The international institutions that issue a specific certificate on the
biodegradability of plastic products are the following: 1) The American Society
ForTesting Materials (ASTM) in the United States, 2) Japan’s GREENPLA program,
3) the European DIN certification, and 4) the European Committee for Standardization
(CEN).

Also one of the important problems is the area required to grow the necessary
materials for biodegradable polymers, because of limited resources.

Getting

Starch is a polysaccharide that accumulates in the tubers, seeds, stems and leaves
of plants. In plants, starch is present in the form of granules, which vary in diameter
from 5 to 100 microns depending on the plant species. This starch is called natural or
native starch. Corn starch (CK) represents a powder of white color with grain size of
10-15 microns. Modified starch is supplied in the form of porous agglomerated
granules with the size up to 1 mm. Starch has amorphous-crystalline structure and is
not glycols, sorbitol, etc.), at high temperature (90-180 °C) and shear it melts and
liquefies, forming so-called thermoplastic starch (TPC), which allows it to be used in
molding, extrusion and blow molding equipment used for synthetic plastics.
Unfortunately, TPC has several disadvantages, such as a strong hydrophilic character
(sensitivity to water) and rather poor mechanical properties compared to conventional
polymers.

Carboxymethyl starch (CMC) is produced by treating potato starch with
monochloroacetic acid in an alcoholic medium, followed by neutralization of the
mixture and soaking of the product with 8 % alcohol. The degree of substitution of
hydroxyl groups in the starch molecule by carboxymethyl groups is 0.1. Since the
structural changes are insignificant, the properties of this starch are similar to those of
natural starch [4]. However, due to partial destruction of hydrogen bonds some
weakening of the structure of the starch grain occurs. Thereforestarch dissolves readily
in cold water, its solutions are more resistant to mechanical and thermal influences, are
not prone to retrogradation and syneresis that distinguishes it from natural starches [5].
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To prepare the initial mixture of PVVA with starches in this work we used “cold” mixing
of the components in a high-speed blender. e-caprolactam (e-CL) solution was used to
modify PVA, and propylene glycol (PG) and glycerol (GL) were used to plasticize
PVA and starches. Native corn starch (10 wt %) and other fillers (microvolastonite —
MW) and wood flour (WF) — 10 wt % each) were introduced at the last stage of mixing.
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AHHOTanMs. B crarbe mpencraBieHbl METOABI OINPEIEICHUs IapaMeTpoB
KHCIIOPOJIHOTO peXUMa B BOJHOM OOBEKTE — YPOBEHb PACTBOPEHHOI'O KUCIOPO[a,
temneparypa, BIIKs, pH, YOII, HacklllleHHOCTh BOJIbI PACTBOPEHHBIM KHCJIOPOIOM.
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B BoJie. [IpuBOasATCS pe3ynbTaTsl U3MEPEHUN YPOBHS KUCIOPOAa, TeMIeparypsl, Y OI1
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ananuza Bunknepa, pH — naboparopuasim nonomepom 1-160.
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One of the most important parameters that determine the water quality in the
lake is the level of dissolved oxygen. The oxygen mode of the reservoir depends on the
biogenic load and mixing conditions. A decrease in the dissolved oxygen content
contributes to the appearance of anaerobic conditions in the reservoir bottom, and
sometimes in a significant thickness of the water mass, which contributes to the course
of chemical and biochemical reactions of the reducing type. The forecast of possible
changes in the oxygen mode is important for determining the quality of water resources
and their use, both in the near and distant future, in the conditions of changing climatic
and anthropogenic impacts.

The purpose of this study is to determine the parameters of the oxygen mode of
the lake when comparing methods for determining oxygen in the water.

The content of dissolved oxygen (DO) in water characterizes the oxygen mode
of the reservoir and is of crucial importance for assessing its ecological and sanitary
condition. Oxygen must be contained in the water in sufficient quantities, providing
conditions for the respiration of hydrobionts. It is also necessary for the self-
purification of water bodies, as it participates in the processes of oxidation of organic
and other impurities, respiration of hydrobionts, and decomposition of bottom
sediments. The decrease in the concentration of DO indicates a change in the biological
processes in the reservoir, the pollution of the water body with biochemically
intensively oxidizing substances, primarily organic ones. The importance of
determining the parameter of biochemical oxygen consumption (BOD), which changes
its value depending on the level of oxygen in the water, is justified.

A decrease in the concentration of DO to 2 mg O/I causes mass death of fish and
other hydrobionts. There are in the reservoirs concentration of DO should be at least 4
mg O/l in any period of the year before the afternoon. The threshold limit value (TLV)
of oxygen dissolved in water for fisheries reservoirs is set at 6 mg O/l — for valuable
fish species, or 4 mg O/l — for other breeds. TLV for the BODs parameter is equal to 2
mg O/I.

Determination of the DO in water is carried out by the iodometric titration
method, the Winkler method, is widely used and generally accepted in sanitary-
chemical and environmental control. The method for determining the concentration of
DO is based on the ability of manganese (I1) hydroxide to oxidize in an alkaline
medium to manganese (IV) hydroxide, while quantitatively binding oxygen. In an
acidic environment, the manganese (V) hydroxide reverts to the divalent state, while
oxidizing the equivalent amount of iodine bound to oxygen. The released iodine is
titrated with a solution of sodium thiosulfate in the presence of starch as an indicator.
The amount of sodium thiosulfate solution consumed for titration is proportional to the
concentration of dissolved oxygen. The BODs parameter was determined using the
method based on the dissolved oxygen content after 5 days of incubation without
access to air and light [1].

Another method for determining DO is using the Hach HQ30d oximeter and
LDO sensor for measuring oxygen concentration by the luminescent method. The
Lange LDO sensor includes two main components: a sensor covered with a phosphor
layer applied to a transparent substrate, and a sensor housing with blue and red LEDs
(light-emitting diodes), a photodiode, and an electronic signal converter. In the
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operating position, the cover is screwed onto the sensor and submerged in water. The
oxygen molecules in the analyzed sample come into direct contact with the phosphor.
The luminescence decay time is analyzed to determine the oxygen concentration.

The Hach HQ30d oximeter and a special sensor were used to determine the
specific electrical conductivity (SEC) and temperature in addition to dissolved oxygen.

The research was conducted in the northeastern part of Lake Ladoga in March
2021. Water samples were taken from the surface of the water. Such parameters as the
dissolved oxygen level by the device and laboratory analysis, temperature, BODs, pH,
SEC, water saturation with dissolved oxygen, the dissolved oxygen measurements,
taking into account errors, are determined. The results are presented in Table 1.

Table 1
Oxygen mode parameters of the northeastern part of Lake Ladoga March 2021
Sample Water DO, Hach | DO, the | Saturation pH, SEC, BOD:s,
temperatur | HQ30d Winkler O2 level, ionomer Hach the
e, Hach Oximeter | method Hach 1-160 HQ30d Winkler
HQ30d HQ30d Oximeter | method
Oximeter Oximeter
Units T°C mg O/l mg O/l % pH units mS/cm mgoO/I

1 0,6+0,3 11,89 + 12,97 + 92+0,1 7,17+0,2 94+0,5 0,9+0,3
0,5 0,1 5

2 0,5+0,3 12,61+ 12,33 £ 88+ 0,1 7,16+0,2 93+0,5 1,2+0,3
0,5 0,1 5

3 0,5+0,3 1251 + 12,33 £ 88+ 0,1 7,37+0,2 95+0,5 1,2+0,3
0,5 0,1 5

4 0,6+0,3 11,82 + 13,10 + 98+ 0,1 7,30+0,2 95+0,5 0,8+0,3
0,5 0,1 5

5 0,5+0,3 11,95+ 12,93 + 93+ 0,1 7,20£0,2 95+0,5 0,9+0,3
0,5 0,1 5

6 0,6+0,3 14,01 + 13,36 + 99+0,1 7,20£0,2 98+0,5 0,8+0,3
0,5 0,1 5

During the scientific study, the main parameters of the oxygen mode were
determined — the level of dissolved oxygen, temperature, BODs, pH, SEC, water
saturation with dissolved oxygen. The pH and BODs values are within the TLV. The
SEC values are in the range of 93-98 mS/cm. In spring, the dissolved oxygen content
in the surface waters of Lake Ladoga in the northeastern part ranges from 11 to 14 mg
O /1[2]. It is noted that when determining the oxygen content by the Winkler method,
the measurement error is less than when determining the instrumental method using
the oximeter device. It is also important to note that the maximum permissible
concentration of dissolved oxygen meets all standards. There is no oxygen deficiency
in the surface of the northeastern part of Lake Ladoga [3].
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(hereinafter referred to as AM&lI) for solving such problems as: entering, storing and
Issuing data on the work of the unit, as well as creating a convenient working platform
with documents necessary for the department.
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CO3JIAHUE ABTOMATHU3UPOBAHHOMN CUCTEMBI
YIIPABJIEHUSA BA3bI JTAHHbBIX «KA®E/IPbI»

AHHoTanus. B cTathe paccmaTpuBaeTcs Mpoiece co3aaHus 0a3bl JaHHBIX IS
kadenpsl npuknagHon matematuku W uH@opMmaTuku BIITD CIIGI'YIITH (manee
[IMWN) nnig pemieHus Takux 3a7ad, KaKk BBOJ, XpaHEHUE W BblJaya JTAHHBIX O padoTe
noJipa3/iesieHus, a TaKKe CO3JaHMs yI0OHON paldouel IUIOMIAJKU C JOKYMEHTaMH,
HE0OXO0IMMBIMH Kadeape.

KuroueBble ciioBa: 6a3a 1aHHbBIX, cucTeMa yrpasiaeHus, MS Access.

It is difficult to imagine the modern world of information technology without the
use of any databases. Almost all systems to one degree or another are associated with
the functions of storing information for a long time as well as processing this very
information. In fact, information has become a kind of factor that determines the
effectiveness of any area of activity.

The bases for work, storage and planning are all kinds of archives, logs, lists,
etc. Their number is growing every minute and this is not very convenient since a large
amount of data must be stored somewhere. Due to a large amount of various
information the searching necessary information or making changes to it manually is a
very hard and long process. Therefore, it has been essential to create various databases.
Microsoft Access is currently one of the most popular desktop (personal) software
database management systems [1; 5-21], [2; 10-13].

Just after starting MS Access you need to open the “New” section on the “File”
tab. In this tab you can create a new database or open an existing one.

After successful creation of the database an empty table will appear on the
screen. To form its structure, click on the “Table 1 tab and select “Constructor”. We
save it under the name “Teachers” this will start our database. Next, in this constructor,
we will create 10 rows of our future table. Then, for each field of the table, it is
necessary to select a data type from the presented list (Fig. 1).

36



Dann CnasHan Cozaarne BreluHwe gaHHbie Pabota ¢ bazamm gaHHBIX KoHcrpykTop Q Uro sbi xoTuTH

= % Beipesate 9”7  #l Mo sospacranuc T Boiaenexue “=L-' =1 Co3aats =
[ B Kk = 1l a| s T s (=i = S DA
2 KonwposaTte Ad Mo y6eisaHno ) AonoanurensHa - 2 = CoxpaHute
Pexunm  Bcraswte | Ounetp |, == OBHoBUTE
- * ®opmart no oGpasuy A" ¥YaanuTe coptuposky § @unetp Bce 7< Yaanuts E
Pexxumbl Bydep o6GmeHa [F CopTuposka n GuabTp 3anucn
\
=F Npenoaasatenu
Bce o6bexTbl Access @ « \
Vima nona \ Twvin 4aHHDIX
Mouck.. yol o
—* TabenbHblk HOMeEp CueTumkK
& - =
TaGnuue = et Damunna KOpOTKNA TEKCT
ES switchboard items Uma KOPOTKMI TEKCT
AOKYMEHTEl CO CPOKOM XpaHeHua OTyecrso KOpOTKUIA TEKCT
O6ecnederHne yHesHOW AMTepaTypoii b AonxHocTs KopoTkui Tercr
e Y TenedoH KOpOTKWIA TEKCT
MepedyeHb YHE6HBIX ANCUWNAWMH HA YHe6HEINA rog —
farta poxaeHuAa .ata v Bpema
EH npenogasarenn CreneHb y4yacrmA KOpOTKMA TEKCT
B PaBouune nporpammel gucuunantH X |
B Pagouue yUeBHEIE NAaHLI
EEl Pacnucanue ans npenogosatens —
B Pacnucanue zaHaTuii Ha cemecTp no rpynnam
EH Pesyabrar caaun zaueTos
Pe3ynbTaT ¢gayu 3K3aMeH0E —
=3 CryaeHThl
E YyebHele rpynnet

Fig. 1. Teachers table data types

Now create the rest of tables using the same principle. It becomes difficult to fill
the database because of a huge number of fields in the table. You may skip a value,
enter an incorrect one or of a different type. In this situation forms are rescued
automatically, so you can quickly fill out entities, and an error is minimized.

Database will contain many forms, as well as a form for the “Teachers” table
(Fig. 2).

For more convenient navigation through the form, three buttons: “Previous
record”, “Next record” and “Add record”.

When you create a data schema in Access, it defines and remembers the
relationships between tables. To establish connections we use the key fields:

“Group Number” and “Group”. For example, between the primary key (Group
Number) from the study groups table and the secondary key (Group) from the Students
table we establish a one-to-many relationship.

“Add table” in the background of the inactive window “Data schema”. In the
window. “Adding tables”, select the table names and press the button

“Add”, in this case all selected tables will appear in the “Data Scheme” window.
After that, you need to close the dialog box.

Next, you need to establish relationships between the tables. For example, let’s
establish a relationship between the tables “Study groups” and “Students”.

As a result, the “Edit Links” window appeared. A one-to-many relationship
between tables appears in the Data Schema window.
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Fig. 2. The final view of the “teachers” form

Group number and Students for the Group and Group number fields. In the same
way, we will create links for all other tables presented in the database.

Queries are used so that, if necessary, it would be possible to quickly obtain the
necessary information from the database. They can also be used if you need to update
or delete a certain number of records.

Macro was being created, now when it is executed, the “Students” form will
open.

Reports are used to display any information that the database contains. They
provide the information you need in an easy-to-read format.

And the last one — create the main button form. The main button form is created
for navigating the database. This form can be used as the main database menu. The
main button form elements are form and report objects.

This was done for the remaining pages. Now, when choosing our MBF, buttons
for switching to other pages appeared on the title page.

As a result of the actions taken, the “Department” database includes the
following objects: data schema,; tables; forms; requests; reports; macros; MBF (Fig. 3).
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Fig. 3 The final view of the main button form

At the moment it is difficult to imagine any enterprise, production, institution
without a database. They all have a huge amount of data that needs to be stored
somewhere. Database management systems (DBMS) do an excellent job with this. To
solve the set tasks, in the MS Access environment were created: 12 tables, all of them
were interconnected, added queries, reports and macros. The result of the work was the
created main button form for easy data entry and modification, as well as quick
navigation between tables.

The capabilities of the created database: data entry; data storage; providing quick
access to all data; data addition and updating; creation of controls to improve the
interface; data output for printing in the form of reports. At the moment, databases are
used in the widest range of human activities. Without them, it is impossible to imagine
the work of shops, schools, medical institutions, banks, etc.
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MbI HE O/IMHOKH...NJIN KAK?

AnHoTauusi. B pabore M3710KeHBI HAyYHbIE TEOPUU U THUIOTE3bl B 00JACTH
IIOMCKA BHE3EMHOIO pa3yma, CaMbIMU U3BECTHBIMU U3 KOTOPBIX SABIIAtOTCS [lapamokc
®epmu u [ unoresa 3o00mapka.

KuarueBble cioBa: BHe3eMHoM pa3zym, HJIO, npuiienbiibl, runoTesa.

The relevance of our paper is the problem of searching for extraterrestrial
intelligence which has always been one of the key problems of science and has not
been solved yet. The author is making an attempt to analyze the investigated
information in order to make a conclusion about current state of researching.

“In the known part of the Universe we can count millions of billions of suns. It
means we’ve got the same number of planets similar to Earth. It is unimaginable to
denylifeexistence on them. If it has emerged on Earth, then why can’t it appear in the
same circumstances on the Earth-like planets? There can be less of those planets than
suns but still they have to exist. We can deny life on 50, 70, 90 percent of these planets
but that is absolutely impossible.

What is the denial of other intelligent civilizations existence based on?

We are told: if they existed, they would visit Earth. My answer is: they probably
will, but time hasn’t come for that. Time has to come for humanity to reach the level
of development that is enough for us to be visited by extraterrestrial civilizations. We
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won’t ever visit wolves, venomous snakes or gorillas to say hello. We only kill them.
And the pure inhabitants of heavens don’t want to do the same to us” [1].

Are we alone out there?

Scientists have been arguing for years: some can’t prove anyone actually exists,
but others can’t prove they are wrong.

Well, right before I start let’s get a few things straight. Astrology is not equal to
astronomy, area 51 is a 100 % fake and the American government isn’t hiding any alien
bodies under the pentagon building.

We need to look at pure facts we’ve got: we haven’t ever seen any UFOs, it
simply hasn’t been captured, and no signal from space has ever been found.

But the Universe is so huge! Why can’t we make a contact with aliens?

That’s what Fermi Paradox is about. The Fermi Paradox is named after Italian-
American scientist Enrico Fermi and is a contradiction between the lack of evidence
for extraterrestrial civilizations and various high estimates for their probability [2].

There are billions of stars in the Milky Way Galaxy similar to the Sun, so it
means that there’s a really high probability of Earth-like planets’ existence. Most of
stars and hence the planets are much older than the Sun, then according to what we’ve
got on Earth, intelligent life could develop a long time ago, and now these civilizations
are on the next, higher level. Some of them may have developed interstellar travel
which is the technology humanity is only investigating now.

And since there are so many Sun-like stars, then the Earth should have already
been visited by extraterrestrial civilizations. However, there are no proofs this has
happened.

The Fermi Paradox has been tried to be explained many times, primarily
suggesting that intelligent extraterrestrial civilizations are extremely rare, that their
lifetime is too short and that they definitely exist but we just see no evidence!

There are some assumptions existing as explanations to the Fermi Paradox which
form the theoretical part of the researches in this area.

The first one, the most popular and, in my opinion, the best explaining how the
life works is the Zoo Hypothesis. The hypothesis is that extraterrestrial life
intentionally avoids communication with the Earth and one of the main interpretations
Is that it does so to allow for natural evolution as well as social and cultural
development [3].

The variant of it was suggested in 1973 by the formerMIT Haystack Observatory
scientist John A. Ball and is called the laboratory hypothesis, where the Earth is just a
big laboratory and humanity is being subjected to experiments.

And the craziest alternative to the Zoo Hypothesis, the Simulation Hypothesis,
makes a proposition that we are living in a computer simulation being run by a post-
human civilization.

Even a complete absence of anything that could have been a proof the ET
civilizations exist, humanity, as we can see, will never stop researching.

For sure astronomy could not exist without mathematics. In 1961 Dr. Frank
Drake wrote an equation, but not for purposes of quantifying the number of
civilizations, butas a way to stimulate scientific dialogue at the first scientific meeting
on the search for extraterrestrial intelligence. The equation summarizes the main

41



concepts which scientists must contemplate when considering the question of other
radio-communicative life [4].

Obviouslyhumanity hasn’t stopped on theory making, but has managed to come
to the practice. Scientific investigation began in early 1900s, right after the advent of
the radio.

We can call this a science revolution. Astronomy never got that far before, so
the radio has started a completely new era; the start of SETI, aka Search for
Extraterrestrial Intelligence (which is a collective term for scientific searches for
intelligent ET life) was made.

However, science has been interested in researches within the Solar System even
earlier. For example, Serbian-American inventor Nikola Tesla suggested that his
wireless electrical transmission system could be used to contact beings on
Mars.Unfortunately, after the experiment took place at his Colorado Springs
experimental station in 1899 and some signals were detected, later analysis has led to
a few explanations, including that Tesla has simply misunderstood his own new
technology and could have picked up natural radio noises from Jupiter’s moon, lo,
moving through the magnetosphere of the planet or has been observing signals from
Marconi’s European radio experiments. In the early 1900s G. Marconi, by the way,
started a belief that radio could be used to contact Martians. Lord Kelvin and David
Peck Todd have shared this belief, too [5].

But the first modern SETI experiment was performed in 1960 by Frank Drake,
who was already mentioned as the author of his self-titled equation. The experiment
took place at Greek Bank, West Virginia and was an attempt to examine the stars Tau
Ceti and Epsilon Eridani using a radio telescope 26 meters in diameter. Results were
disappointing: Drake did not find anything of interest [6].

The most powerful signal (30 times more powerful than the average space
radiation) ever captured was a Wow! Signal on August 15, 1977. It was a strong
narrowband signal received by the Ohio State University’s Big Ear radio telescope.
The signal lasted for 72 seconds, but when an astronomer spotted it on a computer
printout days later, he was so impressed that he quickly scrawled “Wow!” in red pen
across the page. The data looked much like what SETI astronomers expected to see
from an alien intelligence. However, despite many attempts to follow up on the find,
the so-called “Wow! Signal” has never reappeared [7].

Nevertheless, researches haven’t only been based on looking for signals, but also
on sending them to space.

The Wow! Signal has been tried to be replied in 2012. Alien or not, National
Geographic took everything seriously and literally included thousands of tweets tagged
“#chasingUFOs” into the message they sent to space, which consisted of binary code
encryptions and was transmitted to the same direction the original signal came from. If
the Zoo Hypothesis is the truth, this might be one of the reasons aliens avoid us.

Humanity hasn’t only sent tweets to space, though.

The first ever radio broadcast intended for ET civilizations is “Mir, Lenin,
USSR” sent in 1960 to Venus. It reflected off the planet surface and was received back
in 4 and a half minutes [8].
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Less political message, the Arecibo message (sent in 1974) is an interstellar radio
message carrying basic information about humanity and the Earth. The content of the
message was designed by Frank Drake [5].

It consisted of seven parts

1. The numbers one (1) to ten (10) (white).

2. The atomic numbers of the elements hydrogen, carbon, nitrogen, oxygenand
phosphorus, which make up deoxyribonucleic acid (DNA) (purple).

3. The formulas for the chemical compounds that make up the nucleotides of DNA

(green).

4. The estimated number of DNA nucleotides in the human genome and a graphic
of the double helix structure of DNA (white and blue, respectively).

5. The dimension (physical height) of an average man (blue/white), a graphic figure
of a human being (red) and the human population of Earth (white).

6. A graphic of the Solar System, indicating which of the planets the message is
coming from (yellow).

7. A graphic of the Arecibo radio telescope and the dimension (the physical
diameter) of the transmitting antenna dish (purple, white and blue).

Along with serious scientific works, there are many of pseudo-scientific
projects: Doritos Advert (2008), CNES Cosmic Connexion (2006), Craiglist Messages
(2005) and others [3].

Some of the messages sent to Cosmos by people will get to their targets in more
than 400 years, and the Arecibo message, as predicted, will reach the Hercules
constellation approximately by the year 25974,

To sum up, we may see that despite lack of research results, the scientific work
keeps being done and SETI remains to be funded and developed.
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Keywords: Rauner, forest, charcoal, mining on the Urals, metallurgy, landscape
works.

44


https://ru.wikisource.org/wiki
https://en.wikipedia.org/wiki/Zoo_hypothesis
https://ru.wikipedia.org/wiki/%20Uravnenie%20Dreika_
https://www.seti.org/seti-institute/project/details/early-seti-project-ozma-arecibo-message
https://www.seti.org/seti-institute/project/details/early-seti-project-ozma-arecibo-message
https://en.wikipedia.org/wiki/Morse_Message_(1962)

M. /. 3enenuyoe,

B. A. Jlunumn,

0. m. H., 3a8. Kagheopoi
Guzuneckotl u KOINOUOHOU XUMUL,
BLITO CIIel'VIIT]],
Canxkm-Ilemepbype,
dart.xergus@ya.ru

PAYHEPHI 1 X POJIb B JIECHOM XO3SlCTBE POCCUHU

AnHotaumusi. CTaTbsl TOCBsIIEHA OUHACTUU PayHEpoOB, PYCCKHUX XHUMHKOB
HEMELKOTO MPOUCXOXKJICHUS, CACIAaBIIMX TAKOW BEIUKUN BKJIAJ B POCCHUUCKYIO U
MUPOBYIO HayKy, Kak pa3paboTKa COBPEMEHHOW CEbCKOXO3SUCTBEHHON CHUCTEMBbI
MIPOTHO3UPOBAHHUS, UM OTKPHITHE KJIMMATOB PA3JUUYHBIX MEPHUOJIOB JIPEBHEU 3eMIIH,
unu obnecenne rop Kpbima, OBIBIIMX OCCIIOMHBIMH 3€MJISIMU TOJIBKO HECKOJIBKO
BEKOB Ha3ajl.

KarwueBble ciaoBa: PayHep, nec, ApeBecHBIN yrojib, J00bIYA ITOJE3HBIX
HCKOTIaeMbIX Ha Ypalie, MeTaJLTyprusl, JaHama(THbIC paOOThI.

Development of forestry in Russia is bound up with the Rauner family,
immigrants from Austria, who had been in Russian service from the end of the
eighteenth century, and later got Russian allegiance.

The first dynast of the Rauner clan who had connection with forestry was Julius
Karlovich Rauner (1818-1888, figure 1), who studied in the Saint Petersburg Mining
Institute, and after that in the Lisino Forestry College.

Fig. 1. Julius Karlovich Rauner

After graduation the college, Julius Rauner had been a junior chargemaster of
the 1% class at the Ural mining plants, he was a senior draftsman at the chief forester of
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the Ural state-owned plants from 1839, the acting forester of the Beryozov Plant from
1840, the head forester of the Bogoslovsky mining district from 1845, the head forester
of the Serebryanka Plant of the Goroblagodatsky plants [1-4].

A very important point determining accordance of forestry and metallurgy
should be emphasized. A special feature of the mining industry in Russia was its
unbreakable connection with forestry, which supplied firewood. The case was in that
charcoal provided the best quality of the metal produced in the world. Until the
beginning of the 20th century, metallurgy of the Urals was based exclusively on
charcoal. The Urals’ metal, smelted with aid of firewood, had no harmful impurities
and successfully concurred in the world market with European metal trademarks. In
addition, wood was used for heating living houses in a harsh climate, building houses,
workshops and for much more other applications. Thus, construction and successful
managing of mining plants in the Urals and some other mining plants depended
primarily on allocation of large forest areas to them [5].

Since the 17th century, there was active damaging of forests near plants of the
Urals. Forests assigned to the factories were being registered as so-called “mining plant
forest areas” and could be used only for industrial needs. The use of firewood was
completely dependent on the mining plant areas, distances from places of timber felling
and amount of wood. After felling of those forests were surrounding the mining
enterprises, new forest areas widening previous owned lands were being done, and the
forest holdings of plant owners expanded. The dependence of mining on this resource
base in the Urals was so great that creation of other industries consuming charcoal
within the mining districts was strictly prohibited. Preparation of wood stock was
carried out by clear cutting, which began directly from a factory’s gate. All tree species
were used for burning coal, but coniferous wood and birch were preferable.
Obliteration of nearby forests led to increasing of price of charcoal due to growth
transport costs for its delivery [6].

The Ural factories had to submit to the following law: “A compulsory condition
of reasonable use of timber resources must be such economy that annual consumption
will be equal to annual growth of wood, because then the descendants will have the
same amount as we have received. Irrefutably, felling of excess mass has forests to
exhaustion...” [5].

Growing of demand for charcoal in metallurgy urged to accept crash measures
of reproduction of forests via natural and artificial restoration and protection of them
from deforestation and from forest fires. Intensive forest use in mining plants’ forests
of the Urals led to the exhaustion of raw near the factories and, in connection with this,
surge of price of charcoal. An urgent necessity to find ways to restore nearby forests
appeared [7].

Julius Rauner was a forester of the Alagir Silver and Lead Plant in Vladikavkaz,
Ossetia from 1850 to 1855. The plant began to work in 1853: from 300 pounds of silver
lead, 26 and a half pounds of silver and 264 pounds of pure lead were smelted. The
silver bullion received on May 21, 1853 was presented to Nicholas I. The plant’s power
was assigned for the annual production of 35 thousand pounds of lead and 100 pounds
of silver [8, 9].
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From 1855, Julius Rauner was a head forester of the Yekaterinburg mining
district. As the head forester of the district, he was directly subordinate to the district
mining administration, which had all the forests adjacent to the factories under its
complete control.

The forests of the Yekaterinburg mining district were divided to five distance
ranks, respectively to factories and gold mines in them. The competence and duties of
the chief forester included supervision and management of the entire mining district’s
forestry. He made annual estimations on consumed wood stock, annual reports of their
waste, monitored the regular payment to the treasury by wood stock producers for
export of timber, he also controlled protection of forests from fires and illegal felling,
service by officials of the forest guard, supervised reforestation work [6]...

In the second quarter of the 19th century on the Urals, even at many mining plant
areas, there was lack of forest to maintain the industrial process. Necessity of urgent
measures to provide continuous supply of firewood for factories and to preserve forest
resources. In this regard, an instruction about management of the forests of the mining
plants of the Ural ridge according to the rules of forest science and good economy was
accepted. It aimed to attend the mining administration to condition of the forestry of
the factories, to the measures necessary to improve it [6].

Forester Julius Rauner rose to the rank of colonel, he was awarded by the Order
of St. Anne of Il rank and Order of St. Stanislaus of Il rank, Order of St. Stanislav of
Il rank with the Imperial Crown [10].

A son of Julius Karlovich Rauner, Stanislaus Yulievich Rauner (1858-1921,
figure 2), achieved the greatest fame in forestry as a forester, ameliorator, theorist and
practitioner of mining and afforestation works performed in aims of struggle against of
soil erosion and mudflows.

Fig. 2. Stanislaus Yulievich Rauner

Stanislaus Rauner was a student of the Forestry Institute in Saint Petersburg from
1879 to 1882. According to the archival materials, from 1880, he repeatedly asked for
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a vacation “to relatives” to the Pskov province, to the village of Aleksandrovskoye, to
the estate of Konstantin Aleksandrovich van der Bellen. The trips ended with that
Stanislaus Rauner married the daughter of the owner of the estate, Natalya
Aleksandrovna van der Bellen (1864-1942, a cousin of the current President of
Austria). At that time, the estate was the center of attraction for experimenters in area
of agriculture and growing crops. Konstantin van der Bellen was deeply involved in
the matters of cultivation of cereal crops and breeding cattle, he was not only a good
owner, but also a scientist, had great contact with the Timiryazev Agricultural
Academy of the Saint Petersburg Forestry Institute. His students were future
academicians Pryanishnikov (1865-1948), Williams (1863-1939), Liskun (1873-
1958), Lorch (1889-1980) and others [11, 12].

Influence of the forest to condition of a surface and ground waters was the
subject of a particularly careful study by Stanislaus Rauner. In 1884, Stanislaus Rauner
gets acquainted cotton crop and soil-to-irrigation water, struggle with soil salinization
and waterlogging management. His two-year living stay in Egypt was devoted to
studying structure of the local irrigation web and improvements made by English
engineers in the branch of irrigation. Stanislaus Rauner successfully and thoroughly
got acquainted with the nature of the Nile, qua a source of irrigation, and with the
rational distribution of water of this river for cultural purposes. In Italy, he studied the
irrigation of Lombardy and inspected all the main irrigation channels.

In 1888, Stanislaus Rauner was appointed as a Head of Irrigation and Watering
of Province Lands, and then a Head of the Department of Agriculture and State
Property in the Turkestan Land. According to the project and methods of struggle
against mudflows developed by Stanislaus Rauner, works in the Tashkent area of
Turkestan, in particular, irrigation of the northern part of the Hungry Steppe, forestry
and hydraulic engineering work in the Akshat Gorge, also on the Georgian military
road and the Transcaucasian railway, were performed. “The main task of forestry and
hydrotechnical engineering works of Stanislaus Rauner was to prevent the rapid runoff
of rainwater or water forming of snow thawing along the steep slopes of a mudflow
basin of rivers”. [13-16].

In Crimea, according to a project of Stanislaus Rauner, the Feodosia Mountains
were afforested by preliminary amassing of atmospheric precipitation in horizontal
drainage ditches. In 1913, for planting trees on Ai-Petri, according to the project of
Stanislaus Rauner, ditch terraces were created. The total length of the ditch terraces is
48 km. Even now you can find signs “These forests were planted of an initiative and
with participation of Rauner” on Ai-Petri.

Stanislaus Rauner was a full right member of the IRGO (Imperial Russian
Geographical Society), an Associate of the Chairman of the Hydrological Committee
of the Main Administration of Land Economy and Agriculture, a member of the
Permanent Water Measurement Commission in Saint Petersburg, a member of society
“Russian Grains” (1908-1917), a Member of the Permanent Ecological Commission of
the Imperial Russian Geographical Society [17].

Oblivion, the greatest vice of humanity, is the most distinctive trait of the Soviet
and post-Soviet society in relation to people, who did much usefulness for Russia, and
positive results of activities of whom are used by modern people. The Rauners are a

48



typical example of that. People who did so much for Russia, which has become their
second homeland, have simply been erased from its history. This publication is
intended to refill this gap, at least, partially.
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COMPARISON OF THE EFFICIENCY OF VALVE ELECTRIC MOTORS:
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Abstract. In this article a comparison is made between two valve electric motors
operating on reactive and non-reactive thrust in terms of performance, energy
efficiency, and operating cost.
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CPABHEHUE DOPEKTUBHOCTHU BEHTHUJIBHBIX
SJEKTPOJIBUTATEJIEN: PEAKTUBHBIX U OBBIYHOI'O

AHHOTauMs. B 3TON cTaTtbe NPOBOAWUTCS CPABHEHUE JBYX BEHTUJIBHBIX
AJIEKTPOJIBUTATENCH, paOOTAIOIIMX HAa PEAKTUBHOW M HE PEAKTHBHOM TSTE MO TaKUM
napameTpam, Kak IpOU3BOIUTEILHOCTh, SHEPTOI((PEKTUBHOCTD, a TAKIKE CTOMMOCTD
AKCIUTyaTalHH.

KarwuyeBble caoBa: snekrpoasurarenb, KII, MOImHOCTb, CTOMMOCTB,
HAJIe)KHOCTb.

A large number of different types of electric motors are used in the industry
today. One of the most common motors is a permanent magnet motor.

A valve motor (VM) is a type of direct current (DC) motor, in which the brush-
collector unit is replaced by a semiconductor switch controlled by a rotor position
Sensor.

o1



There are two types of a permanent-magnet electric motor: a valve reluctance
motor (VRM) and a valve synchronous motor (VSM). Let’s consider the main
advantages and disadvantages of these electric motors.

The valve reluctance motor (VRM) is a brushless synchronous machine, on the
stator windings of which voltage pulses of a controlled frequency are applied, creating
a rotating magnetic field. The torque arises due to the tendency of the rotor to the
position at which the stator magnetic flux passes along the rotor axis with the lowest
reluctance. Unlike a brushless synchronous motor, it does not have permanent magnets,
that is greatly influenced by the price of the motor.

Advantages and disadvantages of VRM.

The rotor and stator are made in the form of packages of sheet magnetic soft
material. There are no windings and permanent magnets on the VRM rotor. The phase
windings are located only on the stator. To reduce labor intensity the stator winding
coils can be manufactured separately, and then put on the stator poles.

It is worth noting the high maintainability. The simplicity of the armature
winding increases the maintainability of the VRM, since for repair, it is enough to
change the failed coil.

Also, the VRM does not contain permanent magnets either on the rotor or on the
stator. On average, with the same electrical, weight and size characteristics, the air-jet
engine has a 4 times lower cost, much greater reliability, a wider range of rotational
speeds, and a wider range of operating temperatures.

It differs in low heat generation, which occurs mainly only on the stator,
therefore additional cooling of the rotor is not required in the operating mode.

The simplicity of the VRM design reduces the labor intensity of its manufacture
and higher reliability. Also, the valve jet engine has a wide rotation range, which starts
from units to hundreds of thousands of revolutions per minute.

The efficiency of a 1 kW valve reluctance electric motor/generator can reach up
to 90 % in the range of 5-10-fold rotation frequency adjustment. The efficiency of more
powerful electrical machines can reach 95-98 %. But this efficiency is achieved only
at high powers. So, up to 10 W, the efficiency of a valve reluctance motor does not
exceed 10 %, and in a few tens of W — 30-40 % [1].

The valve synchronous motor (VSM), in turn, combines the best qualities of
alternating current (AC) motors and direct current (DC) motors [2].

Advantages and disadvantages of VSM.

The rotor [3] is made using permanent magnets and usually has two to sixteen
pairs of poles with alternating north and south poles. For the manufacture of the rotor,
ferrite magnets were previously used, that was determined by their prevalence and
cheapness. However, these magnets are characterized by a low level of magnetic
induction. Currently, magnets made from rare earth alloys are used extensively, as they
allow a higher level of magnetic induction and reduce the size of the rotor.

The stator has a traditional design. It consists of a body, a core made of electrical
steel and a copper winding laid in grooves along the perimeter of the core. The winding
Is divided into phases, which are laid in grooves in such a way that they are spatially
shifted relative to each other by an angle determined by the number of phases. It is
known two phases to be sufficient for uniform rotation of the motor shaft of an AC
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machine. Synchronous machines used in VSM are usually three-phase, however, there
are also VSM with four- and six-phase windings.

The range of rotation starts with units and ends at fifteen thousand revolutions
per minute [4]. It also has stable efficiency indicators at any power (always above
90 %).

Valve motors are also characterized by some drawbacks, the main of which is
their high cost. However, speaking of the high cost, one should take into account the
fact that valve motors are usually used in expensive systems with increased
requirements for accuracy and reliability. Comparison of engine parameters is
presented in table 1 [5].

Table 1
Comparison of engine parameters

Parameters VRM VSM

Maintainability High Medium

price Medium High

Reliability Very high Good

Degree of effectiveness | Medium Medium

Power Up to 300kW Up to 0,3 kW

Electronics price Medium High

Quality Good Good

From all of the above, the conclusion can be made that the VRM is best used in
systems with high power consumption, so that this type of engine works with maximum
efficiency. In turn, the VSM is best used in systems with low power. For the
manufacture of VRM, on average, 2-3 times less copper is required. Also, the VRM
takes up less space and this allows it to be located in any place.
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KiroueBble ci10Ba: MCKyCcCTBEHHBIN nHTEIEKT, MU, nporpamma, koMnsrorep,
urpa.

For several years, government of the Russian Federation pays attention to
Acrtificial Intelligence development in the country. Concerning Al becomes most
demand.

The Bashe game is related to a common problem of the game theory. And the
basics of the game can be shown through the main stages of Al learning. Idea of
winning move computation is based on the Sprague-Grundy theorems. To answer the
guestion “which move | need to make” it is necessary to compute a condition of the
game. Each gamer takes at least one and at most K pieces by turn from N items. Who
takes the last one is a winner. The result of the game is determined by the first move if
participants do not make mistakes. We can get the winning algorithm if we think from
the end backwards, that is, assessing the position before the last move. We need to
leave K + 1 items to rival before his/her move [1].

Consider the example using Al of the simplified Bashe game. There are 9 items.
A human and a program can remove 1 or 2 items by turn. First one is human. The
winner is the player who has only 1 item left before his move.

Al is trained the following way. The program (Fig. 1, Fig. 2) has a massive which
has all stages of the game, that is, the massive contains the massive with “1” and “2”
values. Every turn a computer chooses an element form the massive at random and
makes a sequence of moves in turn starting with this element. If human wins, Al
removes that element from the massive. If massive has not the element then it removes
element from the previous massive [2].

random
2 match
5 bot_match
5 3y T for 13 (match-2)]

match, "cnu-ex")

2 ) (match - human
rint{"BoabmuTe cnu4ki(l wam 2):")

( 0))

& bot_move_fun(match):
t("Xoa npoTUBHUKA")
int("Bc ock", match, "cnu-ex")
1 bot[match-2] [1:
move - random.choice([1, 2])

move = random.cheice(bot[match-2])
match -- move
if (move == = = 1) (move =
move =
(- sKHUK vBpan 1 Cﬂﬂ‘-‘-’."--"')
f move -
("MpoTusHuk yBpan 1 cnnuky”)
" move
At ("MpoTusHuik y6pan 2 cnuuku')
move

Fig. 1. The program, part 1.
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match human_move( )
match
("Bel eomrpann!™)

i (Eot_match}:
bot[i[e]] [1:
bot[i[@]].pop(bot[i[2]].index(i[1]))

bot_match []
match

(bot)
("Wrpaem saHoso")

bot move = bot move fun(match)
bot match.append([match-2, bot move])
match bot_move

match

bot_match
match
("WUrpaem zaHoe0”

Fig. 2. The program, part 2

0 mn.!_ IR
e oo (1o 2}

osmiere crani (L kit T}

[ nmame 2 ocoemat

2, [, 2 0, 21, 1, 20

Fig. 3. The course of the game

At this scheme (Fig. 3) you can see the full game with Al, and the new massive
with all stages after the game as well. That massive will be changed by next games.
Finally, we will get Al which cannot lose.

The principle based on this program can be used to educate Al to play other
games with similar structures [3]. For example, tic-tac-toe or more complicated games.

Currently, computers’ power is increasing and sophisticated neural networks are
being built, but it is better to start with simpler examples.
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BEHTUJIBHBIE TIPEOBPA3OBATEJIN IOCTOAHHOI'O U
HEPEMEHHOI'O TOKA

AHHoTanusi. B pabote paccmaTpuBaroTCs Ha3HAu€HHE U Kiaccuurarms
BEHTWJIBHBIX MIPe0OpazoBaTeneil, uX yCTPONUCTBO U 00JaCTH MPUMEHEHUs, UCTOPUS U
MEPCHEKTUBBI Pa3BUTHSI PEOOPA30BATEILHON TEXHUKHU.

KitoueBble c¢ji0Ba: BEHTWIbHBIM  IpeoOpa3oBareib, AJIEKTPOIHEPIHUs,
AIIEKTPOIIPUBOJ, BEHTUJIb, IOCTOSHHBIN TOK, IEPEMEHHBIN TOK, IIOJIYIIPOBOAHUK.

In the electric power industry and industry in general, electric power of direct
and alternating current is used, which have standard network parameters that are
determined by industrial standards. In most cases, the parameters of a standard network
in terms of frequency, stability, or voltage level are unsuitable for powering electronic,
radio-electronic, and other types of loads. Therefore, in order to coordinate the
parameters of the primary source of electricity and its consumers, there is a need to use
electric energy converters. According to various sources, 40 % to 60 % of all generated
electric power is converted before its use. For example, the type and level of voltage is
changed and stabilized. Semiconductor gate converters of electric power are used in
transport, electrotechnical installations, and power plants. The widespread use of
converter technology devices is due to the advantages of semiconductor devices and
microelectronics elements which are small dimensions, high speed, reliability, cost-
effectiveness, and wide possibilities of information conversion. Modern conversion
technology is based on the use of semiconductor devices, which include: power diodes,
thyristors, and various types of power transistors.

Converters made of valves are called valve converters. According to the
configuration of the power circuit, valve converters are divided into zero and bridge,
and according to the number of phases of the power source — into single-phase and
three-phase. Single-phase bridge and three-phase zero circuits, due to the uneven
network load and the increased rated power of the transformer, respectively, are used
in low-power electric drives (up to 10 kW). In industrial electric drives of medium
(from 10 to 2000 kW) and large (more than 2000 kW) power, a three-phase bridge
circuit of a valve converter is used, as well as other circuits based on it [1].

Reversible valve converters, unlike non-reversible ones, usually contain two
non-reversible converters or a reverser in the armature circuit. Converters with a
reverser are used in a low-power machine tool drive. The most widespread are two-
component valve converters with counter-parallel connection of valve groups made
according to a three-phase bridge circuit. They have a simple two-winding transformer,
with a minimum, in comparison with other circuits, design power. In addition, such
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gate converters can be powered directly from the three-phase network through linear
current-limiting reactors, and also allow the design of reversible and non-reversible
converters to be unified. In addition to the counter-parallel ones, cross-circuits of gate
converters are used, which have only one equalizing current circuit, as well as lower
power and mass of equalizing reactors. A variety of cross-valve converters is an H-
circuit with a single equalizing reactor. Reversible valve converters with two sets of
valves can operate in separate and joint control modes. A separate control is used in
cases where, according to the operating conditions of the drive, a pause in its control
with an approximate duration of 5 to 10 ms is allowed, which is necessary to turn off
the thyristors of the thyristor group that is leaving the operation. This makes it possible
to dispense with equalizing reactors, which are necessary to limit equalizing currents
in the joint control mode, and to reduce energy losses in the valve converter, which is
especially important for high-power electric drives. Pulse-phase control systems of
valve converters are usually made according to the vertical principle and have several
control channels. Each of the channels contains a reference voltage generator, a
comparator, and a pulse generator. In reversible valve converters, the control device,
in addition to the pulse-phase control system for valve groups, also contains a logical
switching device that performs automatic switching of these groups [2].

Valve DC converters also serve to supply the field windings and anchor circuits
of DC motors in the case when it is required to have a large speed control range and
high quality of the transient modes of the electric drive. For these consumers, the power
circuits of valve converters can be: zero or bridge, single-phase or three-phase. The
choice of a particular converter circuit must be based on:

1) ensuring acceptable ripples in the rectified voltage curve;

2) limits on the number and magnitude of higher harmonic voltages in the AC
network;

3) high power transformer usage [3].

It is well known that the pulsating rectified voltage of the converter creates a
pulsating motor current that disrupts the normal switching of the motor. In addition,
voltage ripples cause additional losses in the engine, which leads to the need to
overestimate its power. Improving the switching and reducing losses in the electric
motor can be achieved either by increasing the number of phases of the rectifier, or by
introducing a smoothing inductance, or by structurally improving the motor. If the
converter is designed to power the anchor circuit of the motor, which has a low
inductance, the most rational of its power circuits are three-phase: double three-phase
zero with an equalizing reactor, bridge. To supply the field windings of DC motors
with significant inductance, the power circuits of valve converters can be either three-
phase zero, or single-phase or three-phase bridge. For high-power electric drives, the
reduction of rectified voltage ripples is achieved by parallel or serial connection of the
rectifier bridges. In this case, the rectifier bridges are powered either from one three-
winding transformer or from two two-winding transformers [4].

Currently, unmanaged semiconductor, controlled, avalanched, symmetric, and
high-frequency valves for high currents and voltages have been developed, and their
production has been established. Production of semiconductor converters for the valve
drive of direct and alternating current, excitation of powerful generators, charging of
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accumulator batteries, power supply of electrolytic baths of electroplating shops,
traction substations, electrolysis in the chemical industry, and also for use in other
branches of the national economy is mastered.

Converter equipment today is an integral part of such branches of electrical
engineering as power supply, electric drive and household electrical engineering.
Power electronics devices today have a huge potential in terms of increasing their unit
power and reducing losses. But the main goal is to reduce the harmful effects of gate
converters on the network and to increase the quality of voltage at the expense of gate
converters. The mass replacement of analog control systems with direct digital control
systems has become inevitable due to the enormous increase in the degree of
integration of digital elements of control systems. The most advanced control systems
In our time are integrated with executive motors and power converters into a single unit
— a mechanical motion module. Due to a significant reduction in the power of control
systems, noise immunity becomes a serious problem that requires special attention.

Currently, the greatest financial costs are not required for the development of
hardware, but for the creation of algorithmic and software. Due to the rapidly
increasing complexity of electromechanical devices, the most important role is and will
be played by the rapid introduction of computer and information technologies in the
development, design, production, and operation of electrical equipment.
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COPBIIMOHHBIE CBOHMICTBA NMNOJIMAM®OJINTHBIX
T'UJPOT'EJIEH

AnHoOTanus. B pe3ynbrare 1aHHOTO HCclie0BaHUs ObUIH MOJyYEHbI TUAPOTeNIn
am(poTepHOro TUIa no 0oJjiee MPOCTON METOAMKE O€3 UCIOJIb30BaHUs UHUIIMATOPA U
CHIMBAIOILIETO areHTa. YCTAaHOBJEHbl 3aBUCUMOCTH COPOLIMOHHBIX €MKOCTEH
MOJIy4EHHBIX Tuaporesie ot pH cpeasl u KOHIIeHTpauuu nHAUrokapMusa. Ilokasano,
yto npu Temneparype Bbimie 60 °C HaOmrogaeTcsi CUHEpPE3UC MOJHUMEPHBIX CETOK
TUIPOTEIIEH.

KiroueBble cj10Ba: nomuaM(pOIUTHBIN THAPOTEb, COPOLMS, TOTUAKPHIAMUI,
anudaTuyeckuil AMaMuH, MTHIUTOKapMUH.

Today, on account of global environmental pollution, the issue of wastewater
treatment, which is daily discharged in large quantities by industrial enterprises, is
becoming more and more acute. For each individual case, the selected sorbent must
meet a number of requirements regarding its properties: from chemical and
physicomechanical properties to regeneration and utilization of the sorbent. It is also
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problematic to obtain imported sorbents, since they are synthesized according to long-
term multistage methods with preliminary purification of the initial reagents, using
catalysts and cross-linking agents, as well as with high energy consumption.
Polyampholyte hydrogels obtained in a simpler way can become optimal replacements
for ineffective sorbents [1, 2].

Thus, the aim of this work is to obtain amphoteric hydrogels without the use of
an initiator and a crosslinking agent based on a cationic polymer and aliphatic
diamines, as well as to study their main properties.

Polyampholytic hydrogels were obtained by the interaction of partially
hydrolyzed polyacrylamide with ethylenediamine and 1.3-diaminopropane.
Hereinafter, hydrogels obtained on the basis of these aliphatic diamines will be referred
to as EDA and PDA, respectively.

Polyampholytes are a unique class of polyelectrolytes that combine both
negatively and positively charged monomer units in their structure. Due to their
interactions, in aqueous media polyampholytes exhibit many specific properties that
can be completely different from the properties of the corresponding polyelectrolytes
containing the same charged groups, but only of one sign [3].

The calculation of the sorption capacity of the hydrogel was carried out
according to the formula 1:

V(Cy—Cy)
de = :/I/ =, (1)

where V is the dye solution volume, I;

C; is the concentration of the dye in the solution before immersing the hydrogel in it,
mg/l;

C,is the concentration of the dye in the solution after the hydrogel is immersed in it,
mg/l;

W is sample weight, mg.

100
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40 - ——EDA
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ge, mg/g

20 - A
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Fig. 1. Dependence of the sorption capacity of polyampholyte hydrogels on the pH of the indigo
carmine solution
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Fig. 1 shows that the sorption capacity of PDA is greater than that of EDA. The
larger the macromolecule of the polyampholyte hydrogel, the more the groups on its
surface that are capable of binding the macromolecule to several ionogenic groups of
the dye. Thus, PDA adsorbs better than EDA due to the presence of additional groups
in the structure that increase the size of the macromolecule.

160 -
140 -
120 -

2100 -

E 80 -
S 60 - ——EDA

0 J "oA
20 -
0 . . . . . .

0 100 200 300 400 500 600
Concentration of indigo carmine , mg/I

Fig. 2. Dependence of the sorption capacity of polyampholyte hydrogels on the concentration of
indigo carmine solution

Fig. 2 shows that with an increase in the concentration of indigo carmine, the
sorption capacity of both hydrogels also increased. However, the PDA hydrogel
absorbed the dye from solution better than the EDA hydrogel. The growing sorption
capacity is associated with the appearance of a large number of indigo carmine ions,
which the hydrogel can absorb. The sorption of the PDA hydrogel is significantly
higher than that of EDA, due to the large size of the sorption cell of the polymer
network in comparison with that of the EDA hydrogel.

The calculation of the degree of swelling of the hydrogel was carried out
according to formula 2:

ma—my

where my is the mass of the hydrogel sample before swelling, g;
m; is the mass of the hydrogel sample after swelling, g.
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Fig. 3 Dependence of the degree of swelling of polyampholytic hydrogels on temperature

It can be seen in Fig. 3 that hydrogels achieve the greatest swelling at 60 °C, and
in the range 70-100 °C, the degree of swelling decreases sharply. Such a noticeable
dependence of the volume of polymers can be caused by the following reasons. In the
absence of a solvent, polymer chains are “folded” into a ball, since in this case the most
“ordered” conformation of the structure takes place. Upon the incorporation of solvents
into polymer networks of hydrogels, polymer chains unfold, which corresponds to the
growth of disordered fragments. However, at temperatures above 60 °C, the destruction
of the polymer network occurs, which leads to a decrease in the degree of swelling,
since the structure of polyampholyte hydrogels becomes more rigid.

Conclusions:

1. Amphoteric hydrogels were obtained byusing a simpler technology without
an initiator and a crosslinking agent.

2. The sorption capacity of hydrogels was measured at different levels of pH and
it follows from the obtained results that the studied polyampholyte hydrogels can be
used to remove colored organic impurities in wastewater.

3. The dependence of the degree of swelling of the studied polyampholyte
hydrogels on temperature was investigated and showed the highest degree of swelling
of both hydrogels at a temperature of 60 °C, above which the thermal destruction of
the polymer begins.
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HEPCIHHEKTHUBbI PASBUTHUA LBII B POCCUH
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Forest-based industries in general and pulp and paper industry in particular are
of great importance to the Russian Federation. Due to the scale of the country, about
46.6 % of its land is covered with forests. Russian government can increase their tax
income by developing these large areas. However, it is not the only reason to invest in
this sector. Let us consider them in more detail.

First, selling wood is not as profitable as selling pulp, but selling pulp is not that
profitable as selling paper. Thus, the main reason why paper should be sold to the
global market is its higher added value. The second reason is that cellulose fibers are
bio-degradable. Synthesized polymers take more time to decompose than cellulose.
The share of the paper packaging is growing which leads to driving some polymers out
of the packaging sector. The third reason is that developing this area will create more
employment opportunities. Finally, a wide range of products can be produced from
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pulp or new materials can be created. The development of this sector opens up new
opportunities for the country; nevertheless, there are problems that slow down its
growth.

Pulp and paper industry is full of complicated technological processes. It
produces not only pulp, which is required in papermaking or chemical facilities, but
also a lot of by-products such as liquid rosin, fodder yeast, sulfate lignin, tall oil,
methanol, turpentine and heat [1]. Not all of these by-products have been produced
efficiently at pulp and paper mills in Russia. There are ways to increase the output of
those extra products without decreasing production rate and quality of the main
product. It is due to many reasons such as government legislation, lack of manufactures
that would consume those by-products, profitability of these products, imperfect
logistics and technologies and insufficient investment. As we can see, there are a lot of
problems.

Nowadays the Russian Federation exports around 84 % of market pulp and 50 %
of paper and paperboard. This gives around 5 % of foreign exchange earnings from
these facilities. There is sufficient competitiveness in the domestic market and medium
competitiveness in the global market. In the domestic market, there is always
competition with imported goods. For example, the weakest spot is coated paper.

Pulp and paper industry can become one of the key elements of the Russian
economy, but due to technical condition and its share in the national economy, it leaves
room for improvement. Nowadays there are 212 facilities in the pulp and paper sector.
17 of them are producing more than 100 thousand tons per year — it’s about 79.9 % of
the overall volume. Fourteen factories are having the capacity of 50 thousand tons per
year — 9.5 %. Other 181 facilities comprise 9.6 % from the overall volume. This means
that there is uneven distribution between the facilities [2, 3].

The main reason why Russia cannot be competitive on the global market, is the
use of outdated technological processes and the average age of the operating equipment
which is more than 40 years old. This leads to having poor capacity with higher
expenses. More than 60 % of all mills in the Russian Federation were founded in the
1920-1930s. Around 30 % were founded in 1950s. Others were founded in 1950-1960s
and produce 86 % of the country’s volume of paper and paperboard [2, 3].

The imperfection of Russian legislation has a very strong impact on the economy
as a whole and on the work of the pulp and paper industry in particular. To a large
extent, because of this, enterprises lose their working capital. The lack of state
regulation of the economy led to sharp price distortions, tax policy created
unfavourable conditions for domestic producers, there was an outflow of financial
capital to the underground economy and abroad, state support for exports and
protection against imports could be called rather weak.

For this reason, a number of business leaders, realizing the need to combine their
efforts to work together, established the Russian Association of Pulp and Paper
Organizations and Enterprises “RAO BUMPROM?”, which later led to the state’s
supporting the development of the pulp and paper mills of Russia starting from 2008.
In addition, a book “Best Available Techniques in the Pulp and Paper Industry” was
published, which is a reference guide offering standardization, developed as a result of
the analysis of technological, technical and management solutions used in the
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production of pulp, paper and paperboard. It aims at helping producers to introduce
modern technologies to the existing technological processes.

There is a forecast for production volume of paper and paperboard that shows
three possible scenarios:
innovative scenario (the best possible one);
moderate scenario;
Inertia scenario (the worst expected one), see Fig. 1.

Forecast of consumption and production of
paper and cardboard 1in Russia until 2030, mil. tons
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Figurel. Forecast of consumption and production of paper and cardboard in Russia
until 2030

This forecast shows how the capacity will change each year until 2030. In 2020
the production capacity was 9.5 mil. tons of paper and paper board. As we can see it is
a bit lower than it was expected by the inertia scenario. This low value comes from the
global pandemic problem. During this time the capacity has been decreased due to low
consumption.

There are a lot of problems in Russian pulp and paper sector, from importing
outdated high-quality equipment, that makes the goods produced less valuable and less
competitive on the domestic and global market, to research and development (no new
technologies have been created in recent years) and lack of highly qualified workforce.

The reasonable question is what measures can be taken to increase the share of
this sector and thus to improve the economy in general?

First, it is necessary to ensure the effective use of the existing capacities, the
creation of new capacities and new production facilities for the manufacture of
competitive products. Second, it is essential to make greater use of the domestic
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scientific and technical potential. Third, it is very important to focus the customs and
tariff policy on the growth of the national production and increasing competitiveness.
Fourth, tax policy has to be improved. Fifth, more high-yield technologies can be used.
Sixth, the efficiency by-product manufacture should be increased, which in turn will
lead to the improvements in other fields such as chemical and pharmaceutical industries
and many more. Finally, Russian pulp and paper giants should be interested in creating
new specialists for their industry by offering internship for students. All this would
provide a promising future for the pulp and paper industry in Russia.
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NCTOYHUK SGHEPI'MA U3 MOPCKOMU BO/IbI

AHHOTauus. Mops, peKu U 03epa — HEUCCIKAEMbIE HUCTOYHUKHA SHEPTUU, OHU
3a1al0T JIBIDKEHHE TypOWHAM HE TOJBKO TPWIUBHBIX DJEKTPOCTAHIUN |
TUAPORJICKTPOCTAHIIMN, HO M CIOCOOHBI O00ECIEeYUTh HHEPrueld OCMOTHUYECKHE
cTaHIuu. B Hameil cratbe MBI PacCMOTPUM MPHUHIMI PAOOTHl TaKWX CTAHIIHM,
KOTOpbI€, KaK HU CTPAHHO, OCHOBAHbI HA U3MEHEHUU COJICHOCTH BOJIbI.
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The study of alternative energy sources, for example, thermal, light, Kinetic,
electrical, chemical energy, and so on, is at the forefront of energy production today.
With the development of science and technology, another way of generating energy
has been discovered. We are talking about a prototype of a hydroelectric power plant
that operates on the basis of osmosis. Osmosis is the process of spontaneous transfer
of a solvent through a semipermeable membrane, whose molecules are transferred
towards a substance with a higher concentration. This hydroelectric power plant was
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first used on November 24, 2009 in Tofte, Norway, thus Norway became the first
country to convert salt energy into electricity [1].

An osmotic power plant is a hydroelectric power plant that works on the
principle of mixing fresh and marine water. The principle of operation of the osmotic
power plant is based on a long-known physical process, osmosis or, simply put, on
diffusion, that is, fresh water molecules penetrate into salt water molecules, from a
substance with a lower concentration to a substance with a higher concentration. It is
Important to note that in osmotic power plants, the soluble substance is sea salt.
Therefore, the principle of operation of the osmotic electric power plants (OEPPS) is
as follows: salt and fresh water solutions located in one common vessel are separated
by a permeable membrane, due to different concentrations of solutions, osmotic
pressure occurs, and after a while the water level in the vessel becomes different. The
semipermeable membrane holds the salts, resulting in an excessive pressure in the
seawater part, which is raised by the current of fresh water continuously flowing
through the membrane into the seawater compartment. For a better understanding of
the principle of operation of the OEPP, see the figure below (Fig. 1.) [2]:
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Fig. 1. Scheme of osmotic hydroelectric power plant

If we consider the osmotic membrane separately, then in essence it looks like a
bundle or roll placed in a cylindrical body (Fig. 2.). It has a multi-layered structure,
within which the levels of fresh and salt water alternate. The more such structures are
installed at the station, the more energy the station will be able to generate, because the
system capacity will increase, which will lead to an increase in overpressure. Water is
drawn out of the reservoir and gives movement to the impeller of the hydraulic turbine,
which generates energy [3].
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Fig. 2. Osmotic membrane

It is important to note that the membrane has two main characteristics: selectivity
and permeability. Basically, the turbines produce mechanical energy not as a result of
the pressure drop, but just because of the water flow. The osmotic membrane used must
be able to contain high pressure and be of high porosity, as well as contain salt
molecules. Such a set of conflicting requirements has long stopped scientists from
using osmosis for energy-related purposes.

Electricity at the OEPP can be generated using only seawater. With the help of
highly efficient membranes, it is possible to utilize the energy of the ocean depths,
since the indicator of the salt concentration in the water depends on the depth.
Nevertheless, the operating principle does not change when this method of generating
electricity is used.

In terms of efficiency, the osmotic power plant is less productive than biofuel
plants, solar panels and wind turbines, but more efficient than tidal hydroelectric power
plants.

Let us consider the advantages of an osmotic power plant:

1. OEPP-systems are very resistant to any weather conditions, such as wind or
sun, which compares them favourably with wind, solar, or tidal power plants.

2. Their operation is characterised by the absence of toxic substances, so that the
OEPP can be located on the remoter areas of the city, without causing damage to its
residents. Therefore, there is no need in building stations in special areas, since they do
not pose threat to the environment.

3. The bioresources used for the operation of the osmotic station are renewable.

4. Sea and fresh water are easily accessible and are in large quantities, so another
advantage of OEPP is cheap raw materials.

5. Such hydroelectric power plants always produce a predictable amount of
energy.

Of course, the osmotic power plant has its drawbacks:

1. Due to the peculiarity of the operating principle of the OEPP, it can only be
used near the seacoasts. The impracticability of its widespread use is due to the lack of
sea and fresh water in one location at the same time.
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2. Low power installations (about 2-5 kW).

3. Semi-permeable membranes must be cleared from organic residues that
remain in micropores, despite the fact that sea water is taken from a depth of more than
35 meters [4].

Osmotic hydroelectric power plants can operate continuously, regardless of
weather conditions, which makes them superior to other types of alternative energy
sources. The solution of the problem of development of high-efficiency membranes
will allow this energy source to play a big part in the provision of electric energy to the
areas located on the seacoasts.
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In the last decade, the use of non-traditional renewable energy sources has
become more and more popular. This direction is developing most intensively in
comparison with other areas of energy [1; 57]. There are several reasons for the growth
in popularity. Firstly, the rise in prices for all types of traditional energy sources.
Secondly, the desire of many countries deprived of their fuel base for energy
independence. And thirdly, environmental considerations play a significant role,
including the emission of harmful gases. Active moral support for the use of non-
traditional renewable energy sources is provided by the population of developed
countries, such as the USA, Japan, the Philippines, Italy, Iceland. Geothermal sources
are one of the promising areas of getting energy. It is noteworthy that 26.5 % of
Iceland’s electricity is generated by geothermal energy, 90 % of heating and hot water
Is also heated at its expense. So, with the help of geothermal energy, Iceland got out of
the economic crisis of 2006 and it plans to become a country completely independent
of energy hydrocarbons in 2050 [2].
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The most potential sources of geothermal energy include the heat of the earth,
the energy of the earth’s rotation, the energy of the decay of radioactive elements, the
energy of meteorites, and physicochemical tectonic processes in the bowels of the
earth’s crust. They can be divided into hydrothermal and petrothermal energy. The first
uses the thermal energy of the Earth’s interior, the second — the difference in soil
temperatures on the surface and in the depths of the Earth. The temperature of the
earth’s outer layer of soil depends on external sources, such as the sun. At a depth of
about ten to hundreds of meters, the soil temperature is equal to the average annual
temperature of the Earth’s surface and is kept constant. And from a certain depth, which
Is different for each point of the planet, internal energy begins to prevail over external
sources of heat, and the deep layers of the earth’s crust are heated from the core of the
Earth [3; 45].

Geothermal power industry is also developed in Russia. The first geothermal
power plant in the USSR was the Pauzhetskaya Geothermal Power Plant, which began
operation in 1967. At the moment, it is the main producer of electricity and partly heat
for the life support of the south of the Kamchatka Peninsula — the villages of
Ozernovsky, Pauzhetka and Zaporozhye. After the Pauzhetskaya station, the
Paratunskaya Geothermal Power Plant, the world’s first binary power plant, was put
into operation. Further development of binary power cycles continued with the use of
ammonia-water mixture as an intermediate working fluid (instead of freons), which
more than doubled the efficiency of binary power plants.

The first such station was built in 1992 abroad — in the city of Los Angeles. In
1987, after large-scale studies of geothermal deposits, it was decided to commission a
new Geothermal Power Plant, Mutnovskaya, in ten years. But the plans were not
destined to come true, since the USSR collapsed. But the construction began in the
2000s and in 2001 the first block of the power plant was put into operation. To date,
the Mutnovskaya power plant is the largest and most powerful geostation in Russia.
Together with the old Verkhne-Mutnovskaya GTPP, this production supplies
electricity to a third of the Kamchatka Peninsula [4; 8].

The binary cycle has been studied on a large scale. Consider the principle of
operation of this cycle using the example of the Mutnovskaya GTPP. But first, let’s
determine how the heat inside the Earth is generally converted into energy. Water is
pumped underground through a special injection well. A kind of underground pool is
formed, which acts as a heat exchanger. The water in it heats up and turns into steam,
which is fed through the production well to the turbine blades connected to the
generator axis. But despite the apparent simplicity of the process, operational problems
arise: the need to clean geothermal water from dissolved gases, since gases destroy
pipes and negatively affect the environment; loss of part of the energy from the
condenser due to the high boiling point of water. The binary loop is devoid of these
drawbacks. In addition to steam, hot water is also supplied from the wells. Water heats
an organic heat carrier (freon) with a low boiling point. Freon boils, turns into steam,
which rotates the turbine. Then, freon condenses and returns again for subsequent
heating; the cycle is closed. Thus, the station has two circuits (hence the name —
binary), although generally speaking, there is also a third circuit — in the condenser,
freon is cooled by running water from the river. As a result, emissions of harmful
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substances into the atmosphere are minimized; a higher efficiency of the installation is
achieved; it is possible to use water with a temperature below 100 °C.

There are some advantages of geothermal power plants:

1. Efficiency. Such structures do not require auxiliary fuel sources for operation,
so there is an opportunity to save money on its delivery.

2. Safety and environmental friendliness. Geothermal power plants do not emit
harmful substances, thereby allowing not to worsen the ecological situation.

3. Self-sufficiency. Fuel delivery is needed only to start the operation of the
geothermal power plant. In the future, the power plant provides itself with electricity.

4. Profitability. Such power plants do not require large cash costs: investments
are required only for preventive inspections, scheduled maintenance, and repairs [3;
77].

But the GTPP also has disadvantages:

1. Difficulties in the development of the project. Problems arise at all stages of
design: finding a suitable place, testing, obtaining permission from the authorities and
the local population.

2. Work stoppage at any time. The work of the station can stop even due to
natural changes in the earth’s crust. It is impossible to predict this. An unsuccessful
choice of location for the construction of the Geothermal Power Plant also does not
contribute to long-term stable operation. Another reason for the shutdown may be
exceeding the rate of water injection into the rock [2].

Thus, with all the drawbacks, geothermal energy is a promising field of
renewable energy, which is a worthy replacement for traditional energy sources.
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Website designers are services where anyone can create a fully functional
website in just a couple of minutes — a business card, an online store, a blog, or
something else. It is enough to register, choose a domain (site address) and customize
the appearance of the site to suit your needs (look at the Figure 1). You can usually do
this for free without spending a penny of your money [1]. Are there any prospects for
designers to replace the mass manual layout, or are all these toys that have no
prospects?

Let’s look at the main advantages of site designers:

1. No need to worry about hosting and domain — just register, and you can get

started.
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2. There are a large number of free site builders-available for any user.

3. Technical support will help you solve all the questions that the user may have.

4. As arule, a decent appearance of the site.

However, why do the vast majority of those who want to create their own website
turn to web studios or freelancers, spending impressive amounts?
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Fig. 1. Menu for choosing a templatefor creating your own website on a domain wix.com

This happens for the following reasons:

1. Free creation, it’s good. But you can only get a third-level domain for free. It
will not be accepted in any money service — even in most teaser networks it will not
get, so it is unlikely that you can get income from such a domain. You can usually
connect a second-level domain that you bought separately to your site, but not always.
And the service itself on a free site can turn its advertising, and to get rid of it — you
need to pay. Only the basic set of features is provided free of charge. Everything else
is paid. Even hosting, which is given for free, you do not own. Therefore, the
administration of the service may, at its discretion, simply delete your site and explain
nothing. And you will not be able to pick up the site and transfer it to another hosting,
although some services provide this opportunity, but it is already paid.

2. The functionality of the sites in the constructor is very limited. There is a basic
set of features, and you can’t add new plugins, scripts, or codes to the user. There is
only the ability to change the labels and images. In some services, you can buy new
features for a fee, but, again, from the standard set. It is not possible to develop the
functionality as the user wants. You can’t even insert a banner in the wrong place.

3. High difficulty of promotion. Free hosting and third-level domains (and even
second-level domains, but on free hosting) are always lowered in search results by
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search engines. The advantage is given to sites with first-level domains located on fast,
stable servers, for the use of which you need to pay. In addition, search engines lower
the ranking of the output pages of the designers. This means that the constructor pages
will be worse than the same pages written in a low-level web programming language.
The design will not differ much from thousands of similar sites, although there is an
external difference between them, but search engines see the same structure, which
reduces the rating [2, 3].

4. The human factor — people who use site designers have little idea about sites
in general, and about promotion and SEO — even more so. Therefore, they do not use
even the modest features that the constructor gives them.

5. Extraneous advertising — the service spins its advertising on the user’s site or
inserts its logo or link in a prominent place. Disable this-for a fee, and the price per
month can be as good as a decent paid hosting, or even more.

6. The constructor codes are open to everyone, and an attacker can find a way to
harm the site in a way that is difficult or impossible to fix. The constructor is not
protected from hacker attacks, especially those specialized to the code of this
constructor. There are always vulnerabilities, and patches neutralize only those that are
noticed, and the openness of the code always makes it possible to find a vulnerability.

7. Significantly longer generation and loading of pages created by designers.
This means an unjustified load on the server and a large vulnerability with an increased
number of accesses to the site.

Site designers have the right to exist. It all depends on the goals of the person
who needs their own website. If a site is needed for a non-commercial activity, there
are limited financial resources, and there are no required web programming skills — a
site created by a designer will be the best choice. However, for something more, for
example, to create a resource with the planned high traffic and to maintain it in a decent
state, you need to develop a site from scratch, on your own or by contacting
professionals.

References:

1. Babaev, A. M., Bode M. S., Evdokimov, N. V. (2014) Sozdanie sajtov [Creating of
sites]. lIzdatel 'stvo “Piter”. 410 p. (in Russian).

2. Romanenkova, O. N. SEO-prodvizhenie kak effektivnyj instrument internet —
marketinga [SEO promoting as an effective marketing tool]. // Strategii biznesa.
2014. Nel (3). URL: https://cyberleninka.ru/article/n/seo-prodvizhenie-ka.. (date
accessed: 20.04. 2021).

3. Muradov, Alan. HTML 5 dlya starshih  razrabotchikov. 2020.
URL.: https://libs.ru/book/915737/ (date accessed: 21.04. 2021).

Cnucok aureparypsbl:
1. ba6aes A. M., boxne M. C., EBnokumoB H. B. Co3naunmne caiitos. — M3marenscTBo
«ITutepy, 2014. — 410 c.
2. PomanenkoBa O. H. SEO-mponsmxkenue &kak 3¢GGEKTUBHBII WHCTPYMEHT
uHtepHer-mapkerunra //  Crparermn Oumsneca. — 2014, — Nel (3).

78



URL: https://cyberleninka.ru/article/n/seo-prodvizhenie-ka.. (Jlara oGpamieHus:
20.04. 2021).

3. MypagoB Aman. HTML 5 jna crapmmx pazpaborunkoB. — 2020.
URL.: https://libs.ru/book/915737/ (Jlata oopamenus: 21.04. 2021).

VJIK 676.017:681.3

M. A. Litvinov,

N. P. Midukov,

Doctor of Engineering, Professor,
V. S. Kurov,

Doctor of Engineering, Professor,
HSTE SPbSUITD,

Saint Petersburg,
kiji_maks@mail.ru
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Abstract. The work is dedicated to evaluating the microstructure of paper and
paperboard using AutoCAD and IpSquare v5.0 for Windows programs. The ion beam
cut method was adapted for the study of cardboard. Optimum cutting modes were
established, namely time, thickness of cardboard, energy of a beam of argon ions. The
summaries were processed by graphic and analytical programs. As a result, the
property — the uniformity of fibre distribution in the cardboard is evaluated.

Keywords: microstructure, fibrous materials, cross section, ion beam.

M. A. Jlumeunoes,
H. II. Muoykoes,

0. m. H., OOyeHm,

B. C. Kypoe,

0. m. H., npogheccop,
BIITO CIIoI'VIIT]],
Canxm-Ilemepoype,
kiji_maks@mail.ru

OLHEHKA MUKPOCTPYKTYPBI BYMAI'N U KAPTOHA HA BA3E
COBPEMEHHBIX IU®POBbBIX TEXHOJIOT U

AnHoTanusi: Pabota mocBsieHa oleHKe MUKPOCTPYKTYPhl OymMard U KapToHa
¢ nmpumerenneM nporpamm AutoCAD u IpSquare v5.0 for Windows. Kpowme toro, 6611
aJIalITUPOBAH TIIOJI WCCJIEAOBAaHWE KApTOHA METOJ WOHHOW PE3KH. YCTaHOBIICHBI
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ONTUMAJIbHBIE PEXXUMBI PE3KH, & UMEHHO: BpeMsl, TOJIIMHA KapTOHA, SHEPIUs MydKa
noHOB aproHa. [lomyuyeHHble cpe3bl ObulM  00paboTaHbl TIpapUUYECKUMU U
aHATUTUYECKUMHU TpOorpaMMmaMH, B pe3yJbTaTeé 4Yero OIEHEHO CBOWCTBO —
PaBHOMEPHOCTbh pacIpeiesieHrs BOJOKOH B KaPTOHE.

KiroueBble c10Ba: MUKPOCTPYKTYpa, BOJOKHUCTBIE MaTE€pHAIIbl, TONEPEUHbII
cpe3, MOHHAsl pe3Ka.

Fibrous material is the main raw material for the paper and cardboard production.
The microstructure of fibres explains many physical phenomenon of fibrous material
[1]. lon beam cut, which has been adapted to produce a cross-section of two-layer
fibrous material to electron microscopy, is a key tool for study. The ion beam cut of
the samples was done by equipment of Technoorg Linda SEMPrep2 (model SC-2100,
Hungary).

The two-layer fibrous material for the research was derived from the
methodology presented in the papers [2, 3].

The selection of cutting modes was made according to the required quality of the
cross section. Different options for cutting modes were considered (Figure 1).

Figure 1. Cross-section of two-layer fibrous material: 1 — cut-off thickness -250 um, cutting
time — 5 minute, ion beam power — 0 keV; 2 — cut-off thickness -200 um, cutting time — 40 minute,
ion beam power — 15 keV; 3 — cut-off thickness -50 um, cutting time — 40 minute, ion beam power

— 12 keV; 4 — cut-off thickness -150 um, cutting time — 40 minute, ion beam power — 8 keV; 5 —
cut-off thickness -150 um, cutting time — 1 hour, ion beam power — 8 keV; 6 — cut-off thickness -
150 um; cutting time — 2 hour; ion beam power — 8 keV

The required cross-section quality was obtained by increasing the cutting time
to 2 hours.

The BSE Reflected Electron Detector (Back-Scattered Electron) was used to
study the transverse cuts of the cardboard, as this visualizes the contrast in sample
composition. Using an electron microscope, an image is created of the cross section of
a fibrous sample (Figure 2, 1). The cut fibre area for each layer was defined by the
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given shades. The cut of fibers area determine by the black color. The cut fiber regions
are then separated and their area is located using the “Calculate” command (Figure 2,
2). The data for the area of regions 8 are counted according to the area of the figure
with known dimensions (the proportion is calculated).
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Figure 2. 1 — area of cut of fibers of two-layer material in program IProsoft; 2 — area calculation,
“Calculate” command

AutoCAD has extensive capabilities in vector image processing and
computation. Unlike the IProsoft AutoCAD program, it is possible to assess the
uniformity of fiber distribution across the cross-section. For this purpose, the centers
of the cutting areas are identified by the help of the “MAS-HAR” command. This
command defines the coordinates of the point in the centre of the area of the fibre cut
(Figure 3, 1). The coordinates of the points in the centre of the cut-off areas shall be
joined by segments, and the segments shall not overlap (Figure 3, 1).

Figure 3. 1 — Determination of the centre of the cross-section of fibres:
- coordinates of the centre of the fibre area; 2 — Evaluation of the uniformity of the
cross-section fibre distribution

The results of the graphical processing of the cross-sectional images of fibrous

material are diagrams of the size distribution of the fibre area (Figure 4, a) and the
uniformity of fibre distribution across the cross-section of cardboard (Figure 4, b).
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Figure 4. Size distribution of fibres (a) and uniformity of fibre distribution across the cross-
section of cardboard (b)

Shows figure 4 b, the diagram showing the sections connecting the centres of the
regions in cross-section of cardboard. Figure 4 b, measure the even distribution in three
indicators: maximum deviation of centres from each other (145 microns); Number of
sections (91 pieces at approximate thickness of transverse cut from 80 to 150 um); by
the average length of segments with the maximum value.

Conclusions

The ion cutting mode (thickness of 150 um cut duration of 2 hours’ power of ion
beam 8 keV) is mounted, which makes it possible to obtain a qualitative image of the
transverse cut of fibrous material. By help of IProsoft the area of fiber cut by a raster
image is determined. AutoCAD has achieved precision in determining the area of fibre
cut and has evaluated the uniformity of the area distribution of the cut.

Diagrams of the area distribution of the fibres and the uniformity of their
distribution are obtained.
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In the modern world, humanity pays more and more attention to ecology, energy
efficiency and energy conservation.

Energy conservation is a very important environmental challenge to conserve
resources and reduce environmental pollution. The relevance of energy saving is
growing in all countries, due to the outstripping rise in prices for the main traditional
types of energy resources and the gradual depletion of their world reserves [1].

Saving electricity can be considered the most common. For a long time,
manufacturers of various electrical equipment have been trying to increase energy
efficiency. Most often, electricity is saved by replacing lighting elements, but this is
far from the only way to save electricity. You can save energy consumption even with
all the usual elevators.

Until recently, asynchronous machines with a relay-contactor control system and
a phase rotor were used in elevator drive systems. But this is already an outdated
technology, now there is an active introduction of frequency converters to regulate the
speed of an electric motor and replace motors with a wound rotor with asynchronous
ones with a squirrel-cage rotor [2].

The frequency converter provides contactless control of the asynchronous motor
and smooth speed control, which greatly reduces the load on the mechanical part of the
elevator. Such a replacement can also be made on elevators that have been in operation
for a long time.

In elevator installations using a frequency converter, the best energy savings can
be achieved by introducing a recuperator [3].

Recuperator — a device functioning in conjunction with a frequency converter,
makes it possible during the operation of the converter to recuperate the energy
released during braking. The recuperator is a separate device for the frequency
converter.

Recuperators allow you to obtain economic benefits when used in drives of
hoisting mechanisms, such as: cranes, lifts and similar systems. Recuperators are also
used in modern trains and cars (when driving, the mechanism consumes energy from
the network or the battery, and when braking, it returns electrical energy back to the
power supply network) [4].

Until recently, braking resistors could have been a way to release the excess
energy generated by a frequency converter during braking. These elements dissipate
energy in the form of heat into the environment. They were used in electric drive
complexes to eliminate overvoltage in frequency converters in the braking mode of
systems with high inertial load. Installations without these resistors were not able to
work, since due to their absence, a quick equipment failure is possible.

Braking resistors have many disadvantages. They have large overall dimensions,
which in most cases is a huge disadvantage. They require the creation of certain
conditions: good cooling, which requires additional huge space; protection against
moisture and dust. To connect a braking resistor to a frequency converter, a special
braking unit is required, which is again a financial cost.
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The use of a recuperator in conjunction with a frequency converter can make it
possible to use about 90 % of the electrical energy that is released during braking, and
return it to the power supply network for the use of this energy by other consumers or
again to the same device. From an economic point of view, this implementation will
provide significant cost savings. The payback time for such a revision of the elevator
device will be less than six months, taking into account all the costs of purchasing a
recuperator and upgrading the elevator system [5].

Also, by modifying the lift with a recuperator, it will be possible to significantly
reduce the level of harmonic distortion in the power supply network and significantly
increase the power of the equipment used. The increase in capacity will provide a
significant improvement in the energy efficiency of the entire complex, which will
improve the characteristics of the supply network of the entire building.

In addition, important positive aspects of installing a recuperator in an elevator
system include: compact size of equipment, there is no great need for moisture and dust
insulation; an increase in the braking torque and a decrease in the braking time of the
electric drive; the ability to communicate with the recuperator via industrial networks;
great flexibility in the use of recuperators for various applications; the ability to connect
several recuperators in parallel.

Thus, the recuperator is an excellent alternative to braking resistors in many
respects, and moreover, it has many more technological and economic advantages.

So, it becomes obvious that energy saving can be done with the help of many
devices, even such ones as familiar to us as an elevator. The introduction of innovative
energy-saving measures, such as the use of modern frequency converters together with
energy recuperators on devices with an asynchronous electric motor, will save about
30 % of energy resources, while the costs of purchasing and installing this equipment
can be recouped in less than six months.
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Abstract. The article considers production of quasicrystals, their properties, as
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of quasicrystals in the household are described.
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CBOMCTBA, a TaKXe MX OTIWYME OT OOBIYHBIX KPUCTAIOB. ONUCHIBAIOTCS
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All substances in nature have a certain aggregate state, there are:

1. Gaseous, liquid or solid (crystalline) states.

2. Amorphous or glassy state, which has signs of both liquid and solid matter.

3. Plasma is a state that occurs at a very high temperature (in some ways it is
similar to a gas, but in its hot mixture, in addition to atoms, there are charged particles
— electrons and ions).

Aggregate states of matter (from the Latin aggrego — to attach, bind) are states
of the same substance, transitions between which correspond to abrupt changes in free
energy, entropy, density and other physical parameters of the substance [1; 5].

The transitions that occur during pressure and temperature changes between
aggregate states are presented in Fig. 1.

Lowering the temperature
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Fig. 1. The transitions that occur during pressure and temperature changes between aggregate
states

The transition from the crystalline state to the liquid state is characterized by
the melting point, and the reverse transition is characterized by the solidification
temperature. This is the same temperature when equilibration is established between
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the liquid and the crystalline substance. This temperature is not dependent very much
[2; 175].

The structure of crystalline substances is similar to solid ones. In crystals,
material particles, for example, molecules, are oriented relative to each other. As a
result, the crystal takes a certain shape in the form of some kind of polyhedron.

Material particles perform thermal vibrations around equilibrium positions. If
the temperature is the far from the melting point of the crystal, particles almost never
move steadily as a rule [3; 7]. This is the main difference between crystals and liquids.

About half a million crystal structures have been deciphered to date. This is the
richest heritage of the last century was the result of the era of X-ray crystallography,
or crystal chemistry, and allowed the United Nations to call the year 2014 the ““Year of
Crystal Chemistry”.

Most of the substances that we meet in our life are crystals.

If we know the crystal structure of a chemical compound, we can estimate its
melting point, thermal expansion, compressibility, optical properties, solubility, etc.
This structure has quite predictive properties.

The discovery of quasicrystals with an icosahedral structure in 1984 (alloy of
aluminum with manganese Al0.86 Mn0.14 was detected, a sample of which, subjected
to a special method of rapid cooling, scattered an electron beam so that a pronounced
diffraction pattern with a fifth-order symmetry was formed on the photographic plate
in location of diffraction maxima) refutes some well-established scientific theories and
views concerning the synthesis of new materials. A quasicrystal is a highly organized
solid phase, radically different in its properties from crystals, glasses and everything
that was known before. The extraordinary properties of quasicrystals, their high
mechanical strength are explained by the lack of periodicity of the structure, which
leads to a slowdown in the propagation of dislocations in comparison with ordinary
crystalline materials. Due to their unique combinations of physical properties,
quasicrystals are promising materials for aerospace, rocket, instrument-making, and
energy industries. They are applied most constructively in the form of nano-objects —
as coatings, fillers, ultrafine when creating composite materials and ultrafine modifiers
[4; 80].

Atomic structure of quasicrystals is a most important problem in the physics.

We can understand their structure using the mathematical theory of tiling. (Tiling
Is covering an entire plane or filling an entire space with non-overlapping shapes).

An ordinary crystal is a periodic structure of atoms or molecules. A certain
symmetry is inherent in any crystal structure. Crystals have two types of long-range
order, orientation and translational. Translational order means the ability to construct
a crystal structure by translating an elementary building block of a structure with a
specific arrangement of atoms to a certain vector of the crystal unit cell. In this case,
one speaks of the existence of long-range order in the crystal. Orientation order means
that the rotation of the crystal about a certain axis aligns the atomic positions with
themselves. Crystals can have rotational symmetry of the third, fourth, or sixth order.
For example, if a crystal has a third-order symmetry axis, its crystal lattice will not
change after rotation by one third of the circle. The structure of the unit cell of most
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crystals is based on such simple geometric bodies as a cube, tetrahedron, and
octahedron.

The structure of quasicrystals, such as an aluminum-manganese alloy, is based
on another geometric solid which is called an icosahedron. Icosahedron is a polyhedron

with 20 faces, each of which is an equilateral triangle, 12 vertices and 30 edges (Fig.
2). The icosahedron has a fifth-order symmetry: at each of its vertices, five faces are
connected. The geometry of the icosahedron occupies an important place in many areas
of mathematical analysis, such as the problem of solving equations of the fifth degree,
group theory, and chaos theory.

Icosahedron cannot be packed so that they fill the entire space tightly, without
gaps that is why they cannot be used as the elementary cells of crystals [5; 87].

So, the properties of quasicrystals include a low coefficient of friction and low
wettability, high hardness, wear resistance and corrosion resistance, significant
radiation resistance of the structure, low electrical and thermal conductivity, and
unusual optical properties. But the possibilities of use are limited due to high brittleness
and low deformability at low temperatures.

These properties make it possible to use quasicrystals as coatings for pans, as a
work surface for cooking. The coating based on the icosahedral Al-Cu-Fe phase is
universal for roasting meat. They do not emit toxic gaseous products when overheated,
unlike Teflon coatings.

There is a possibility of using quasicrystals in selective absorbers of solar energy,
namely to convert solar radiation into heat. Selective absorbers are used to heat water
to temperatures of 400 °C and 60 °C respectively in heat generators of electrical energy
and in domestic water heaters. An ideal selective solar absorber should have a high
absorption in the visible spectrum and at the same time a high reflectivity in the infrared
range in order to minimize thermal radiation losses. One of the best absorbers is
tungsten.

Quasicrystals can be used as thermoelectric converters for use in solid-state
refrigerators and electrical power generators. Quasicrystals have low electrical
conductivity, which, as a rule, grows with increasing temperature and changes greatly
even with an insignificant chemical composition; the Seebeck and Hall coefficients
show the same sensitivity to the composition. Their important advantage is that their
lattice thermal conductivity is extremely low and close in magnitude to the thermal
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conductivity of dielectric glasses. The features of the electronic structure of
quasicrystals make it possible to reach the limit of the efficiency parameter of the
thermoelectric converter equal to one and significantly exceed it.

Metal hydride hydrogen storage systems are the most actively developing areas
of hydrogen energy. Among the quasicrystalline phases, the icosaeric phase in the Ti-
Zr-Ni ternary system, which is capable of absorbing almost two hydrogen atoms per
metal atom, turned out to be a promising hydrogen storage medium. This phase quickly
absorbs and releases hydrogen better than intermetallic compounds such as LaNis.
Hydrogen can accumulate in an almost atomic form, and this is a significant advantage
over hydrides, where hydrogen is in a bound form.

Quasicrystalline “structures” created by molecular beam deposition and
lithography (Fibonacci superlattices used in laser technology to generate higher
harmonics, photonic quasicrystals with octagonal and pentagonal symmetry,
possessing an isotropic band gap) are widely used.

Quasicrystals and materials based on them have great potential for industrial
applications. The technologies developed today for obtaining coatings from
quasicrystals, as well as multiphase and composite materials based on them, have made
it possible to completely eliminate the limitations associated with the brittleness of
quasicrystalline phases and their low deformability at room temperature. Quasicrystals
have already found wide application as a hardening phase in high-strength maraging
steel, from which surgical instruments are made, and in extra-strong aluminum alloys.

The prospects for the use of quasicrystals have not been fully studied, but we
can already notice their extensive use in the household and more. Therefore, in the
coming years, significant progress in the field of the industrial and in the household
applications of quasicrystalline materials should be expected.
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KATAJIOI PACTEHUM KAK OBPA3OBATEJIbHBINA PECYPC

AnHHOTanusi. B cratbe mpencTaBieH MPOEKT COCTABICHUS KaTajloTa pacTCHUA,
npouspacrtaroniux B napke CankT-I1eTepOyprckoro 1€COTEXHUUECKOTO YHUBEPCUTETA.
[Ipeanonaraercst UCMOIB30BAHUE KAaTalloTa, WLIIOCTPUPOBAHHOTO (oTorpadusiMu u
PUCYHKaMU CTYJIEHTOB, C OIMCAHWEM HCTOPUU U OOTAHUYECKUX OCOOCHHOCTEH
HauOoJiee IIEHHBIX BHUJOB PACTEHUM M JIEPEBbEB B KauecTBE 0OOPa30BaTEIHLHOTO
pecypca U MHCTPYMEHTA CO3/IaHUs UMUJIKA TTapKa YHUBEPCUTETA.

KiaroueBble cjioBa: KaTtaJor pacTeHHWi, mnapk yHuBepcurera, CaHKT-
[lerepOyprckuii rocy1apCTBEHHBIN JIECOTEXHUYECKUM YHUBEPCUTET, OOTAHUYECKHE
WJUTIOCTPALIHH.

The first plant catalogues date back to the beginning of the 17th century. The
oldest surviving European catalogue was compiled by Emmanuel Sweerts in 1612 [1].
He was a Dutch merchant and sold bulbs and plants. The aim of this catalogue
compiling as well as the aim of compiling of the second oldest catalogue published by
Crispijn van de Passe in1614 was to show the customers what the plants would look
like in bloom. Since then a huge number of catalogues have been published and the
main idea has always been to describe, make up an inventory and present plants
growing in a certain place or being sold. Many scientific articles analyse the principles
of plant catalogue compiling [2, 3, 4].

Against the long list of different catalogues those made on the basis of university
parks stand out for several reasons:

1. Besides making an inventory of plants growing on the territory of a university
park, these catalogues are usually considered to be an educational resource.

2. University park plants catalogue compiling is a scientific work — very time
and efforts consuming and, at the same time, very creative.

3. Such work links students participating in it with the university and helps them
to feel themselves true researchers.

4. The catalogue compiling is a very good tool for the university image creating.

5. To make a catalogue the efforts of different specialists and students from
different specialties are needed which helps to develop such skills as team work, data
collecting and analyzing.

This year a decision was taken to start a students’ pilot project of university
plants catalogue compiling. The aim of the work was threefold: to make catalogue of
the most valuable plants growing in the university park with their botanical
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illustrations, description in the Russian and the English languages; to find and include
in the catalogue the historical and landscape architecture objects located on the
university park territory; to make the catalogue an image creating instrument to
promote the university both in Russia and abroad.

For the pilot project 20 tree and shrub species were chosen. They are those plants
which are considered to be the most valuable for the dendrological garden of the
university — old-aged plants, for example, pendunculate oak (Quercus robur) planted
when the university was being organized and its buildings constructed; Albanian
forsythia (Forsythia europaea) which starts blooming the first in the university park;
common/European larch (Larix deciclua) planted in the park in 1820s; Amur corktree
(Phellodendron amurense) — endemic species of the Far East (endemic means species
growing on restricted areas and introduced into the flora of different areas);
common/European yew (Taxus baccata); Chinese white pine (Pinus koreensis).

For all of the plants there were made up short historical, biological and
ecological descriptions and the description of the plants” morphological characteristics.
For each plant botanical illustrations were also drawn. Botanical illustrations are not
just beautiful drawings — first of all, they are the illustration of scientific description of
a plant. Therefore they should be precise in every detail. Another very important thing
about botanical illustrations is that they have tremendous historical background: the
first documented botanical illustrations date back to as early as the year 512. Since then
the manner of plants depicting has not changed which means a special responsibility
resting with the author. Each illustration drawing of the university catalogue took about
two days. An example of botanical illustration is shown in the Fig. 1.

L e |

Fig. 1. Amur corktree (Phellodendron amurense) growing in the university park
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Among the historical and landscape architecture objects the most interesting are
an obelisk on the place of Novoseltsev and Chernov duel, the wooden vase in front of
the main entrance of the university, the alley named after Kaigorodov, his burial place
and others. All in all there are 17 monuments of Federal significance (23 objects) and
8 monuments of regional significance.

Conclusions: university park plants catalogue compiled in the framework of the
pilot project is the first stage of larger work on creating full scale university park
description. The work is to involve students of at least 4 specialties: forestry, landscape
architecture, design and information technologies — in case if virtual catalogue is made.
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BJAUAHUE JTUOKCHJA A3OTA HA KU3Hb YEJIOBEKA

AHHOTauMs. /J{MOoKCH a30Ta — ra3, KOTOPBIN TshKesnee Bo3ayxa. Ero otHocAT k
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Every day many harmful gases enter the atmosphere of our planet, affecting not
only human life, but also the entire planet. One of these substances is nitrogen dioxide.

Nitrogen dioxide is a brown gas with a molar mass of 46.0055 g/mol, which
means that it is heavier than air (the molar mass of air is 28.98 g/mol). It is a poisonous
gas or, depending on conditions, a liquid. Also, NO2 is an organic compound of oxygen
and nitrogen.

It can be produced in several ways:

1. Interaction of metals after hydrogen with nitric acid (e.g., copper):

Cu + 4HNO3 = Cu (NO3)2 + 2NO2 + 2H20.

2. Reaction of nitrite with sulphuric acid:

2NaNO2 + H2504 = Na2S0O4 + NO2 + NO + H20.

3. Oxidation of nitrogen oxides with lower oxidation states:
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2NO + 02 = 2NO2.

4. Decomposition of nitrates of metals which are more to the right of magnesium
in the series of electrochemical activity (the most commonly used method in industry):

2AgNO3 = 2Ag + 2NO2 + O2.

As mentioned above, NO2 is a poisonous gas. It is classified as Hazard Class 3.
This means that their lethal dose is 501-2500 mg/kg for skin contact and 151-5000
mg/kg for stomach contact.

Like any hazardous substance, nitrogen dioxide has its own MAC. The MAC is
the maximum allowable concentration of a substance that is not detrimental to human
life and performance, and does not adversely affect future generations. For nitrogen
dioxide, the MACad (maximum allowable average daily concentration of a chemical
substance in the air of populated areas) is applicable. This concentration must not have
any direct or indirect harmful effect on humans through indefinite inhalation. MACad
(NO2) = 0.1 mg/m3 [1].

The World Health Organization has established that average nitrogen dioxide
concentration of 400 pg/m3 per hour identifies symptoms in asthmatics and
hypersensitive groups. At an average nitrogen dioxide concentration of 30 pg/m3 per
year, the number of children with rapid breathing, coughing and bronchitis increases.
At high concentrations of nitrogen oxides (0.004-0.008 %), asthmatic manifestations
and pulmonary oedema occur. Nitrogen dioxide is dangerous because, when inhaling
the air, a person has no discomfort and no adverse effects are anticipated.

The mechanism of human exposure to nitrogen oxide is that dissolution occurs
inside the lungs, so nitrogen dioxide has an adverse effect on the mucous membranes
of the respiratory system and can cause burns. Symptoms include eye irritation,
impaired sense of smell, dry and stuffy throat, inflammation of the gastrointestinal
mucosa, cardiac weakness, and nervous disorders. Nitrogen dioxide reduces the body’s
resistance to disease, irritates the respiratory tract, causes respiratory and circulatory
diseases, and can provoke malignant tumours. It also lowers haemoglobin levels, so
prolonged inhalation of this gas causes oxygen deprivation in tissues. Long-term
exposure will result in symptoms such as acute respiratory tract infections, pneumonia,
bronchitis. A secondary reaction to exposure to nitrogen oxides is the formation of
nitrites in the human body and their absorption into the blood. This causes
transformation of haemoglobin into metahaemoglobin, resulting in impaired cardiac
function.

It should also be mentioned that nitrogen dioxide causes acid rain at high
concentrations in the atmosphere. Of course, they will not cause great harm to human
health, but their excess has an adverse effect on the flora that surrounds us.

The reactions of this substance make it clear that NO2 doesn’t just occur in
amounts that are dangerous to humans. Consider the causes of atmospheric pollution
by nitrogen dioxide:

1. High traffic intensity.

2. Difficulty of mass transfer and dilution of impurities inside the street canyon
formed inside the buildings densely adjacent to each other (in St. Petersburg it is
especially important near the avenues — Nevsky, Ligovsky, Moskovsky, Liteiny, etc.)

2]
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3. Unfavorable meteorological conditions (a set of meteorological conditions
causing deteriorated dispersion of pollutants in the atmosphere and contributing to their
accumulation in the surface layer of the atmosphere; these include windless weather,
temperature inversion).

4. High NOx to NO2 conversion factor.

5. Large number of energy facilities (characteristic of large cities, which includes
St. Petersburg).

6. High-rise development is also a factor that results in pollution of the
atmosphere with nitrogen oxide IV due to too high concentration of emissions.

7. Waste incinerators, metal smelters also emit quantities of NO2 which can
exceed the MAC. Such emissions are called “fox-tail”” because of their color.

The consequences of excess nitrogen dioxide in the atmosphere can be
catastrophic for humans, so methods are used to neutralize it:

1. Adsorption methods. Activated carbon and silica gel serve as sorbents, but
each has disadvantages. The first one oxidizes, which leads to its combustion, the
second one is less effective, but is more durable and not subject to oxidation.

2. Catalytic reduction. The reducing agents are hydrogen or natural gas. The
catalysts are elements of platinum group. This process is only possible at high
temperatures (from 400 °C to 800 °C).

3. Urea method. Quite effective, as it can clean flue gases from nitrogen oxides
by about 95 %. Also, this process is preferable as it produces non-toxic, or low-toxic
substances such as N2, H20, CO2.

4. Controlled combustion. This method involves combustion with low
concentrations of air and the use of burners to reduce the yield of NO2,

5. Stimulation of chemical reactions by means of an electron beam. The method
allows the reduction of nitrogen dioxide in a reaction with ammonia without the use of
a catalyst. The product of the chemical reaction will be a mixture of inorganic salts —
ammonium sulphate and ammonium nitrate. Through this process, approximately 85%
of the nitrogen dioxide is recovered [3; 324].

Despite the significant harm caused by NO2 to the human body, it is used in
industry:

1. Obtaining nitric acid. Nitric acid is one of the strongest solvents and in any
concentration exhibits the properties of an oxidizing acid. It is used in the production
of mineral fertilizers, jewelry making, machine drawing, military industry, etc.

The method is a catalytic oxidation of synthetic ammonia to a mixture of
nitrogen oxides, which are subsequently absorbed by water.

4ANO2 + 02 + 2H20 = 4HNO3

2. Production of sulphuric acid. Other strong acids can be obtained using
nitrogen dioxide. Sulphuric acid has found application in ore processing as an
electrolyte and in production of mineral fertilizers.

The nitrous method is oxidation of sulphur dioxide to sulphuric acid in a special
tower.

SO2 + NO2 + H20 = H2S04 + NO

Also, nitrogen oxide IV can be used as an oxidizer in rocket fuel and in mixed
explosives [4].
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In conclusion, it should be noted that despite the enormous industrial importance
of nitrogen dioxide, it is important to understand that it is a very hazardous substance
that can cause irreparable harm to human life and health.
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Abstract. The article examines the possibilities of using QR codes and
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unique complex interactive experience, thereby improving the educational process.
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BO3MOXXHOCTU NPUMEHEHUSA AR U TEXHOJIOI'MA QR-KOOB B
OBPA30OBATEJBHOM ITPOLHECCE

AHHoTanus. B cratbe ncciaenyroTcss BO3MOXKHOCTH UCTIOIb30BaHusl QR-K010B
u  gomosiHeHHOW peanbHoctd  (AR) B yueOHOM mporecce. Ha  ocHoBe
CTEPEOMETPUYECKUX JAHHBIX CO3JaH CalT, MCHOJB3YIOIHUA JIONOJHEHHYIO
peanbHOCTh Ha OCHOBE cuMThiBaHMs QR-K0MOB. ABTOp MPHUXOAUT K BBIBOAY, YTO
texHomornn QR u AR mnpenocTaBisitoT HOBeWIlIME TEXHOJIOTUHU, YHUKAJIbHBIN
KOMILJIEKCHBIA MHTEPAKTUBHBIN OMBIT, TEM CAMBIM YJyullas yueOHBIH mpo1iecc.

KiarwueBsble cioBa: texnosnorus QR, momonHeHHas peaqbHOCTh, 3D Momens,
MHTEPaKTUBHOCTb, BUPTYAJIbHOE TPOCTPAHCTBO.

Augmented Reality (AR) is a kind of virtual environment (VE) that complements
the physical world in a real time by means of devices that have the ability to generate
virtual objects using data from the real world. Such devices are tablets, smartphones
and others. AR technology unlike virtual reality does not immerse a person in the
created world with the help of its senses but complements reality by projecting objects
onto the real environment [1].

Augmented reality has three characteristics:
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- it combines real and virtual worlds;

- it has an interactive nature of the activity in real time;

- it includes 3D modelling of space.

The main purpose of using augmented reality in the modern educational process
Is to add variety to the studies of material, to attract attention and increase the
motivation of students. Augmented reality is especially useful in those disciplines that
require real-time visual presentation of material. Due to the fact that the space is three-
dimensional and has the ability to interact between real and virtual worlds, it is possible
to more clearly observe the connections and contacts of various elements for
educational purposes. The educational environment is actively introducing various new
information technologies and high-performance equipment, which in turn may lead to
the fact that augmented reality will become a key element [2]. Some tasks for
constructing sections or slices are quite complex, and the visualization of these tasks
becomes problematic, when using augmented reality, this problem will be solved.
Augmented reality can help learners gain rich interactive experiences and help teachers
and educators meet curriculum and institutional requirements. Such technologies will
help students to better represent the object under study, improve spatial thinking and
diversify the educational process.

Creation of a website using augmented reality. Based on the knowledge of the
HTML language and the AR.js library (AR.js is a library for creating augmented reality
which is combined with the A-Frame framework and designed for developing VR on
the Internet [3]) a website has been created. To create a website 3D models and QR
codes are required which will be linked between each other. The site asks for
permission to use the camera when hovering over the QR code, and shows the
corresponding 3D model. The user is able to move the camera at different angles and
see the figure from different sides accordingly, since the QR code is a marker,
positioning is based on its reading, surface recognition and gyroscope sensor. It is
worth mentioning that this technology only works on modern devices.

3D models are developed in the Autodesk 3DS Max program (Autodesk 3dsMax
is a professional software for 3D modeling, animation and visualization when creating
games and designing), they are recorded in a special gITF format, as soon as this format
is supported by our site. The GL Transmission Format (gITF) is a format for efficiently
transferring and loading 3D scenes and models. It minimizes both the size of the 3D
resources and the runtime handling required to unpack and use the model. There is also
a binary version of gITF called GLB, the difference of which is that the structure
written in the JSON standard and the binary file is stored in one file with the GLB
extension [4]. This format is more convenient, which is why it will be used. The site
will work on the basis of educational material from manuals on stereometry [5]. Itis in
the study of stereometry, as the science of volumetric bodies, that the need arises for
the implementation of AR technology. The site will reflect various shapes in space: a
ball, cube, cone, cylinder, etc.

If necessary, it is possible in the future to easily implement that when you point
the camera at the QR code, 2D images, GIF, 3D model, video are displayed. It is also
possible to add animation tools, particulate to animate the scene, this can be achieved
using Unity. Unity is a modern cross-platform game and application development
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engine developed by Unity Technologies. The gITF format allows you to store not only
the model, but also the scene, that is, when you hover the camera over the marker, not
just the model can be reflected, but the model in motion, or even several models
interacting with each other. The potential of augmented reality is huge, and there are
many ways to implement it.

Thus, it becomes possible to consider each of the figures, as well as cuts and
sections — this helps in the visual study of the tasks of stereometry, the improvement
of spatial thinking.

Advantages and disadvantages of teaching materials and the use of AR
technology.

Advantages:

1. Increase of interest in the studied material.

2. Improving the quality and effectiveness of training for account of the clarity
of the material.

3. Development of spatial thinking.

4. Interactivity of training.

5. Ease of use.

6. Increase the speed of learning the material in less time.

7. Modernization of the educational process.

8. Variety of marker readings. It can be not only 3D models, but also 2D images.

9. GIFs, videos, presentations, links to various materials.

Disadvantages:

1. Supported only on modern devices.

2. The need to develop specialized applications or sites, 3D models.

3. Dependence of the quality of marker recognition on the capabilities of the
camera, reading angle, lighting, distance at which the camera is located.

4. The need to enclose the QR code in contrasting frames for better recognition
of markers.

5. Supported 3D models only in gITF format.

The areas of use of augmented reality (AR) are diverse: textbooks with QR
codes, educational games, educational applications, programs for object modeling,
applications for developing skills, and more. The most important advantage of this
technology over others, to take virtual reality as an example, is mobility and relative
simplicity. There is no need to purchase special equipment for it, such as glasses or
helmets with motion sensors, the presence of a modern smartphone with a camera has
become commonplace, so everyone can plunge into the world of augmented reality.
AR makes it possible to bring educational materials to a new level of display,
improving and introducing novelty into the educational process.
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COBPEMEHHBIE TAPYCA: MATEPHUAJIBI, TEXHOJIOT WU,
TEHJAEHIINHA

AnHoTanusi. B pabore mpoaHanu3upoBaHbl COCTaB U CBOWCTBA COBPEMEHHBIX
MapyCHBIX MAaTEPHUAJIOB, B TOM YMCJIC MHHOBAIMOHHBIEC Pa3pabOTKHU MOCIEIHUX JIET, U
orpe/ielieHbl OCHOBHBIE TEH/ICHIIMU B COBEPIIICHCTBOBAHUU UX CBOMCTB M TEXHOJIOTHI
MIPOU3BOJICTBA.

KiaroueBble cioBa: mapyc, NapyCcHble Marepualbl, TKaHble MapyCHbIE
Marepuaibl, JAMHHATHbIE [MapyCHbIE MaTepHalbl, KOMIIO3UTHBIE TMapyCHBIC
MaTepualibl, MeMOpaHHbIE TapycHble Marepuaibl, J3Di-texnomorus, EPEX-
TEXHOJIOTHS.

The 21st century is a time of unprecedented growth in people’s interest in travel
and extreme sports. Sailing is developing rapidly, new types of sailboats requires new
sailcloth that can meet the ever-increasing requirements.

Taking into account the function of the sail and the conditions for its
implementation, these requirements are determined by the values of the following
indicators: [1; 23].

1. Initial modulus of stretching.

2. Breaking strength is a force per cross sectional area of material.

3. Creep shows the long term stretch of a fiber or fabric. A material with
creep may have a high initial modulus, but loses its form over time.

4. Resistance to UV radiation is very important characteristic.

5. Flex strength is strength lost due to folding and bending.

6. Cost-effectiveness depend from durability of the material.

Additional requirements depend on the scope of use of the sails (racing, cruising,
used in severe frost conditions, etc.). We studied modern sailcloth using literature data
and websites of sail manufacturers, and identified the main trends in improving their
properties and technologies for their production.

Very few sailboats, mostly participants in historical projects, use cotton and linen
sails, as they did in the old days. And the vast majority of cruise ships, as well as small
racing sailboats, have woven polyester and nylon sails.

Modern polyester for sails is Dacron, Type52, Terylene, Tetoron, Trevira,
Diolen. Dacron and its analogues have a number of undoubted advantages: high tensile
strength, ability to stretch under wind load, durability and UV resistance. Nylon is as
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strong as Dacron, but lighter and more elastic, which is why full course sails —
spinnakers and gennakers — are usually sewn from nylon. Nylon is easy to color, but is
not resistant to chemicals, so its scope is limited. An important factor in favor of woven
materials is their relatively low price.

However, woven fabrics have a serious drawback that becomes fatal in the long
races. This is the “fatigue” of the fibers as a result of alternating stretching, which leads
to the loss of the shape of the sail and a decrease in its efficiency due to a decrease in
the useful pulling force. Laminate sails, devoid of this drawback, were originally
designed as racing sails and are now used for cruisers as well [2].

Laminate sail has a combined layered structure. Usually it have light woven
fabric taffeta that have been treated with anti-mildew and anti-UV additives. The
taffetas protect the load bearing yarns and provide a chafe protection.
Beneath the taffeta is a laminate made of a very durable yet flexible material. Several
classes of fibers are used as this layer.

First of all, these are extremely strong para-aramid fibers: Kevlar, Twaron,
Technora, which have high initial modulus and breaking strength. Interestingly,
Russian para-aramid Rusar, due to its unique production technology, outperforms
Technora and Twaron in both of these indicators. But it is not used for sailcloth
production.

Polyethylenes class is represented by Pentex, Spectra, Dyneema. These are very
strong and resilient fibers, but they have a high creep rate: over time, they stretch and
break. Less commonly used are Liquid Crystal Polymer: Vectran, PBO (Zylon).

The most popular and very expensive class of polymers for laminate sails is
Carbon, which is made up of carbon filaments. Carbon Fibers is very durable (more
than para-aramids) and essentially unaffected by UV exposure. In addition, the black
sails look very impressive. Carbon is often used in laminates with aramids [3].

The inner layer of the laminated sail contains elastic fibers that can withstand
prolonged stress. Maylar film is usually used as an inner layer.

Laminate sails, due to their complex structure, don't lose their effectiveness over
time and better than woven ones, they withstand the negative influences of the external
environment [2].

North Sails is the only manufacturer of composite sails in the world using the
revolutionary 3Di-technology. Composites are materials that combines to maximize
their strengths and minimize their weaknesses. Composite construction is different than
process of lamination where a substrate (such as mylar) is used to carry adhesives and
materials. 3Di sails are composed strictly of spread filaments and thermoset resin. 3Di
Is stronger, lighter and more resistant to environmental factors than laminate string
sails. Sails builds on full-sized 3D-molds, inflated to the sail’s precise flying shape.
Heat and vacuum pressure are then applied, consolidating the composite structure. The
sail’s shape and durability are permanently locked into the rigid airfoil that is
customized to the user’s sailing preferences [4].

An unique EPEX technology is used by Elvstrom Sails to create so-called
membrane sails, which in terms of characteristics and structure are located between
laminate and composite sails. Using computer modeling, a fiber placement template is
created for a specific sail, taking into account its individual geometry. EPEX
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membranes are held in one position over the entire surface during the entire lamination
process by means of a vacuum. In this case, the sail lamination is perfectly uniform [5].
Composite and membrane sailcloth, unlike laminate sailcloth, allow you to use only
one set of sails, even on round-the-world races.

The strength and elasticity of the best types of sailcloth allows them to work
effectively at high wind speeds, including stormy ones. Further improvement of sailing
materials is aimed at increasing the durability of use by reducing brittleness at the bends
of the sail and increasing its resistance to negative environmental factors. It seems to
us that the use of nanotechnology and the creation of materials with programmable
properties will be effective on this path. Perhaps this will allow manufacturers to move
away from layering in the concept of laminated sails. At the same time, in order to
popularize sailing tourism and sailing, a reasonable balance must be struck between
high technology and price.

The second trend is an increase in the specialization of sailcloth, a narrowing of
the range of use of a particular material. Earlier the materials were divided into 3-4
groups: sails for cruises, sails for full courses, racing sails. Now the largest sailcloth
manufacturer Dimension Poliant offers a choice of 34 types of materials. However, this
division may be due to not only by the function of a particular sail, but also by
marketing tasks.

To summarize, it should be noted that the final appearance of the sail and its
properties depend not only on the materials, but also on the technologies used by sail
engineers to create the sail. The variety of modern sailboats and the development of
the world sail shipbuilding will inevitably require the improvement of sailcloth and
determine the progress in this area.
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APPLICATION OF OXAZOLINES

Abstract. Oxazolines have been known since the 60s of the last century and
have received practical application in medicine. Currently, the properties of oxazolines
and their derivatives are being actively studied, as well as the search for new areas of
their use. The work of recent years in the field of oxazolines application is considered.
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HNPUMEHEHHUE OKCA30OJIMHOB

AnHoTanust. Okca30uHbI H3BECTHBI ¢ 60-X rOA0B MPONIIOro BeKa U IOTYYHIIN
MpaKTUYECKOe IMPHMEHEHHE B MeauIluHe. B HacTosiiee BpeMs BeIeTCS aKTHBHOE
M3yUYEHHE CBOMCTB OKCA30JMHOB U UX MPOU3BOJIHBIX, a TAK)KE MOKUCK HOBBIX 00JacTen
HX HMCIOJIb30BaHUSA. PaccMOTpeHbl paboOThl MOCIEIHUX JET B 00JIaCTH NMPUMEHEHUS
OKCAa30JIMHOB.

KirudeBble cjioBa: 0Kca30IMHBI, MPUMEHEHHE, T00aBKa, YMHBIH IMOJUMED.

Oxazolines are combinations of the class of cyclic amino ethers. Oxazolines
form star-shaped or brush type polymers [1]. They have been known since the 1960s,
but they have not been widely used till today. Nowadays, active researching about their
properties, synthesis methods, and searching for areas of their application is being
performed.

Oxazolines can react in cationic polymerization while being under action of
various substances, such as Lewis acids, Bronsted—Lowry acids, and alkyl halides.
Chain growth occurs without irreversible breaking on the counterion, if the catalyzing
acid is a weak nucliophile [1].

The most prospective field of application of oxazolines is medicine, [2] since
they form smart polymers, that comply with temperature changing [3]. This fact allows
them to be used for targeted drug delivery to a certain area of the body, as well as tissue
repair, biosensing. Oxazoline-functionalized polymers can also be used as additives
and fillers for active agent delivery systems [2].

It was also found that a triblock copolymer of the ABA type, consisting of
methyl-2-oxazoline and tetrahydrofuran, can solubilize curcumin. It has a very
hydrophobic molecule with multiple therapeutic effects, but its insolubility and low
stability in water is a major drawback for their clinical use [3].

Oxazolines can be used to synthesize a cancer screening drug [7]. The synthesis
can be carried out by dehydrogenation from thiazoline, oxazoline, and imidazoline,
respectively. Dehydrogenation can also be achieved by initial halogenation of those
basic cyclic systems (thiazoline, imidazoline, and oxazoline), followed by elimination
to obtain target thiazole, oxazole, and imidazole derivatives.

Oxazolines can be used as a binder. For example, a copolymer containing
oxazoline monomers can be used as a binder in polymer materials. Oxazoline groups
react with carboxyl groups, phosphate groups, phenolic hydroxyl groups, or also with
aromatic thiol groups with the opening of the cycle. When binding polycarboxylic
acids, for example, polyacrylic acid latexes, react with oxazoline-modified polymers,

107


mailto:rita.romasheva@gmail.com

stable compounds of esters appear, and a reaction of oxazoline groups with carboxyl
groups can often be carried out even while room temperature [4].

There are two types of binding oxazoline-functionalized polymers. Water-
soluble functionalized oxazoline polymers are obtained by radical polymerization in a
solution of the respective monomers. Functionalized by oxazolines, polymer
dispersions (latexes) are obtained in a result of the emulsion polymerization of the
corresponding monomers. When oxazolines are added to polyvinyl chloride mass, the
material delamination slows, and the gas tightness increases.

When oxazolines are added to polyethylene terephthalate, the stability of the end
units increases, which facilitates its processing of the polymer. Chain extensions
reacting with carboxyl end groups, for example, bis — oxazolines, bisphenol-A-
diglycidyl ether and polycarbodiimide (PCDI) gave a noticeable decrease in the
number of carboxyl end groups, but growth of molecular weight of the polymer product
was neglectible, which is due to the predominance of hydroxyl upon carboxyl end
groups. One of the most common and technically available methods of processing PET
raw materials is its chemical modification by introducing chain extensions into the
polymer matrix of PET during its processing, which increases the viscosity.

Oxazolines can be used as intermediate compounds, precours, in the synthesis
of aromas. These compounds are not toxic, so they can be used in the food industry.

There are also many synthesized luminating complexes based on oxazolines.
Such complexes have greater thermodynamic stability than metal-based complexes,
due to the cosloride heteroatom [5].

Thus, oxazolines can be used in medicine (the main field of application), and in
the production of plastic containers. The modern world realizes research of their
properties and, having been based on this, looks forways to apply them.

References:

1. Oxazolines. URL: https://xumuk.ru/encyklopedia/2/3031.html (date accessed:
01.04.2021).

2. Bulk Properties of Poly (macromonomer)s of Increased Backbone and Branch
Lengths  URL:https://pubs.acs.org/doi/10.1021/ma0016937 (date  accessed:
01.04.2021)

3. Phase 2 Trial of GTx-758, an Estrogen Receptor Alpha Agonist, in Men With
Castration-Resistant  Prostate Cancer. URL: https://www.researchgate.net/
publication/340227065 Phase 2 Trial_of GTx-758 an_Estrogen Receptor
_Alpha_Agonist_in_Men_With_Castration-Resistant_Prostate Cancer (date
accessed: 01.04.2021).

4. Curcumin/poly (2-methyl-2-oxazoline-b-tetrahydrofuran-b-2-methyl-2-oxazoline)
formulation: An improved penetration and biological effect of curcumin in F508del-
CFTR cell lines. URL.: https://pubmed.ncbi.nlm.nih.gov/28427956/ (date accessed:
01.04.2021)

5. Gusev, A. N., Shulgin, V. F. Lyuminesciruyushchie kompleksy lantanidov so
spejserivannym piridiltriazolami [Luminescent complexes of lanthanides with
spasserovannym pyridyltriazoles]. Uchenye zapiski Krymskogo federal 'nogo
universiteta imeni V. I. Vernadskogo [Scientific notes of the Crimean Federal

108



University named after V. I. Vernadsky. Biology. Chemistry]. 2017. Vol. 3 (69). Ne
4’ pp- 268'274.

Cnucok JiuTepaTypsbl:

1. Okcazomunbl. URL: https://xumuk.ru/encyklopedia/2/3031.html (nata obparienus:
01.04.2021).

2. Bulk Properties of Poly(macromonomer)s of Increased Backbone and Branch
Lengths. URL: https://pubs.acs.org/doi/10.1021/ma0016937 (mata oOparicHHs:
01.04.2021)

3. Phase 2 Trial of GTx-758, an Estrogen Receptor Alpha Agonist, in Men With
Castration-Resistant  Prostate Cancer. URL: https://www.researchgate.net/
publication/340227065 Phase 2 Trial of GTx-758 an_Estrogen_Receptor
Alpha_Agonist_in_Men_With_Castration-Resistant_Prostate Cancer (maTa
obpamienus: 01.04.2021).

4. Curcumin/poly (2-methyl-2-oxazoline-b-tetrahydrofuran-b-2-methyl-2-oxazoline)
formulation: An improved penetration and biological effect of curcumin in F508del-
CFTR cell lines. URL: https://pubmed.ncbi.nlm.nih.gov/28427956/ (nara
ooparmienus: 01.04.2021)

5. I'yces A. H., lynerun B. ®. JlromuHeciupyromue KOMIIEKCH JaHTAaHUIOB CO
CHGﬁCGpHBaHHBIM IMAPUINUIITPpHUA30JIaMHU /! YueHble 3ammMCcKu KpBIMCKOFO

dbenepansHoro ynuBepcutera umenu B. WM. Bepnanckoro. buosorus. Xumus.
Xumust. — 2017. —T. 3 (69). — Ne 4. — C. 268-274.

YJIK 620.9.003.13
E. N. Skachkova,
V. Y. Buksha,
V. V. Kirillova,
PhD in Philology, Associate Professor
HSTE SPbSUITD,
Saint Petersburg
skachkova-1998@mail.ru

GEOTHERMAL ENERGY

Abstract. Due to the rapid rise in the cost and complexity of the extraction of
fossil fuels there is a need for the development of alternative energy sources.
Geothermal energy is one of the promising industries that deserves attention. This
technology of energy production is more profitable than traditional ones in many
respects.
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I'EOTEPMAJIBHAS SOHEPT'US

AnHOTanus: ['psaayiiee MOBBILIEHHE CTOMMOCTH U PACTYIIHME CI0KHOCTU MPU
A00bIYe  HCKOMAeMOro  TOIUIMBAa  BBI3BIBAIOT  HEOOXOAMMOCTH  Pa3BUTHS
aNbTEPHATUBHBIX HCTOYHHMKOB SHEpPIrUH. [ eoTepMmalibHas 3HEpreTuka — OJHA U3
MEPCIEKTUBHBIX  OTpaciei, 3acily’)KMBAIOIIMX BHUMAaHUA. OJTa  TEXHOJOTHS
MIPOU3BO/ICTBA YHEPTUU BBITOJHEE TPAJULUMOHHBIX IO MHOTUM MTOKA3aTEeIIsIM.

KitoueBble ci1oBa: BO300OHOBJSIEMbIE MCTOUYHHUKHM JHEPIHH, IeOoTepMasibHas
sHeprus, Knumarudyeckuii caMmmut, TepMaiibHasi BOJla, MUPOBOW sHEprodaiaHc.

Nowadays we have the necessary resources to meet all the world’s needs using
traditional energy sources, namely coal, oil, gas, gas condensate, etc. And for the next
couple of decades, this opportunity will remain. Moreover, the technique of field
development and the technology of energy production by traditional methods will be
improved which will lead to a reduction in the cost of energy. But in 20 years the
situation will change dramatically. Of course, oil and gas will still be regarded as fuel
for energy production, but their extraction will be much more expensive due to the
complexity of the geological location. In this regard, we do not have much time to find
and develop alternative energy sources. By alternative sources we mean renewable
energy sources such as solar, wind, tidal energy, bioenergy and geothermal energy [1].

Geothermal energy is one of the most promising areas discussed at the
international level. This is confirmed by the decision taken at the Climate summit in
Paris in favor of the development of this sector. Delegates from more than 30 countries
are convinced that it is necessary to increase the production of geothermal energy and
voted to increase production by 500 % [2].

The decision was initiated by the International Renewable Energy Agency
(IRENA). It is assumed that the growth of this industry will make it possible to prevent
environmental deterioration [2].

The summit resolution states that this type of energy remains one of the most
affordable, but the level of the industry development is extremely low. About 90
countries have the opportunity to develop this industry. The summit participants
recognized that the obstacle to the implementation of geothermal projects is not only
the environmental reasons but also the need for the investment in drilling. At the same
time, the sale of electricity can be conducted as the sources are developed, without
waiting for the full implementation of projects.

Geothermal energy is most effectively used in the regions where, due to natural
conditions there is a large number of available hot springs and where there is a shortage
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of combustible minerals or the delivery of energy resources is complicated by the
inaccessibility of the area. In many countries, the heat or electricity generated by
geothermal plants provides a significant share of energy costs.

Russia has abandon supplies of geothermal energy in the volcanic areas of
Kamchatka, the Kuril Islands, and in foothill areas in many regions. According to
estimates assessments, the possibilities of geothermal energy in Russia significantly
exceed the potential of fossil fuels (up to 10-15 times). At the same time, there are
explored reserves and built capacities in the country and we have to use them more
effectively.

If we talk about the disadvantages of this industry, the following points should
be noted:

High price: the cost of geothermal capacity plants building can be much higher
in comparison to traditional ones. A significant share of investments is accounted for
by exploration and drilling of wells;

Environmental problem: the content of a large number of harmful chemicals in
the thermal water (arsenic, mercury, greenhouse gas emissions). Wrong handling or
disposal of these chemicals may cause damage to the nature and human health;

Geographical feature of the location. Few countries have the opportunity to use
this resource as high geothermal activity has the largest potential along tectonic fault
lines in the earth crust [3].

Most of the problems associated with these shortcomings have already been
solved by our scientists in this field. Patents and author’s developments (for water
treatment and re-injection, equipment design, etc.) have been created, the scientific
potential has been preserved, and the technology is fully ready for implementation.

The heat of thermal waters is used in greenhouses; in medicine; treatment with
mineralized thermal waters is widely used; cheap chemical products are obtained from
thermal waters — iodine, bromine, boron, lithium, cesium, rubidium, strontium, etc.
Their extraction from solutions does not require large capital expenditures for mining
operations. Thermal waters are easily enriched by evaporation [2].

In permafrost areas covering more than 50 % of the territory of Russia open- pit
mining is usually carried out only in the summer. The use of the heat of the earth’s
interior will allow mining operations to be carried out all year round.

At the same time, the heat produced using geothermal water is 4 times cheaper
than in boiler houses. The payback period for any geothermal project is 2-3 years, while
a gas field pays off in an average of 6-7 years.

Geothermal energy has an impressive potential and will play an important role
in the future of the global energy balance. It will become an integral part of the
renewable energy that the world needs because sooner or later fossil fuels will lose
their relevance.
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The environment is the center of people’s lives. But energy is an equally
important part of it, because the Internet, heating, lighting, charging devices, watching
a movie — all this is connected with the production of electricity. Now there are several
ways to extract energy, from classical thermal power plants, nuclear power plants,
hydroelectric power plants to alternative power plants (wind power plants, solar power
plants).

Thermal power plants are of great concern in terms of environmental impact,
since according to statistics, more than 60 % of electricity is generated there. Combined
Heat and Power Plant (CHPP) is a type of Thermal Power Plant (TPP). It serves not
only for the production of electricity, but also supplies hot water to the central heating
system and for household needs. Unfortunately, energy production has its
consequences. The most global of them is the impact on the environment [1].

Heat and power engineering is actively developing, as a result of which it has an
impact on the atmosphere, hydrosphere, and lithosphere.

When converting heat energy into electricity, there are several stages, but each
of them has a negative impact on the environment: extraction and processing of fuel,
production of heat and electricity, transportation and disposal of waste.

It can be considered that thermal energy has a negative impact on almost all
elements of the environment, as well as on humans, other organisms and their
communities.

So, even before the operation of the CHPP, fuel is extracted, consider solid, for
example, coal, shale, peat. As a result of this process, the destruction of soils and soil
occurs if the extraction takes place by open methods. Further pollution of water
systems, as a large amount of water is discharged, ferrous, with a high content of
minerals. Meanwhile, ecosystems are being destroyed.

The next step is transportation. At this time, there is pollution from the
evaporation of liquid fuel, loss of gas and dust from solid fuel, various leaks.

And only now the CHPP starts its work. Almost 30 % of the total volume of
polluted air is due to the operation of the CHPP. More specifically, this is about six
million tons of dust, harmful chemical compounds (sulfur, carbon, etc.) per year.
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Especially dangerous ones are nitrogen oxides, which are the cause of acid rain, as a
result of which weak acid solutions fall out in the form of precipitation [2].

Speaking about the negative impact on the environment, it is important to
mention about the release of a huge amount of carbon dioxide into the atmosphere as
a result of fuel combustion, that influences on the temperature of the Earth and air.
Excess emissions of this gas causes global warming and increase the greenhouse effect.

CHPP emissions contain metal compounds that enter the body, soil, water, etc.
There are also radioactive elements that are formed when coal is burned. The ash
contains toxic metals, such as mercury, manganese, and so on, which can cause
contamination of the area.

Another example of emissions are solid particles, ash and slag, which leads to
changes in solar radiation in the vicinity of the Earth, as well as cause various diseases
when ingested [3].

CHPP systems consume large amounts of water, as it is necessary for:

1) cooling of steam turbine condensers;

2) ash and slag removal system;

3) washing of equipment.

Meanwhile, the CHPP is also a source of heated water, which is supplied to
various reservoirs. Waste water, which may contain vanadium, fluorine, petroleum
products, etc., pollutes and raises the temperature, disrupting the internal balance of the
environment. Thermal pollution can have a number of consequences: rising air
temperatures, rising sea levels, flooding, and so on. But the impact of CHPP on the
environment depends on the fuel used. Gas is the cleanest, but peat, shale, coal on the
contrary. Since during their combustion, the amount of dust and sulfur oxides is
maximum [4].

It is also impossible not to mention the changes in the landscape during the
construction of energy facilities, the use of lithospheric resources, for example, the
felling of trees, the withdrawal of arable land that could be useful in the agriculture of
meadows, etc.

So, to decrease harmful effects from thermal power plants on our environment
it is necessary to take the following measures:

4) take into account environmental indicators when developing heat supply

schemes;

5) reduce the number of large enterprises within the city;

6) develop and implement more modern production technologies.

Thus, it became clear that the use of thermal power plants is harmful to the
environment, but modern technologies are trying to reduce this influence and it is
already working well now, the percentage of pollution decreases every year.
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The problems of utilization, recycling and reuse of metal waste are relevant
today. Every year the number of metal waste increases, the requirements for their
disposal become tougher and energy resources get more expensive.

The secondary use of metals can significantly affect the economy. Since it has
become more difficult and expensive to obtain metal from ore due to its large depth,
distance from processing sites and high energy consumption, at the moment only 70 %
of the metal is obtained from it, and everything else goes to waste [1; 165]. Recycling
and reuse of these wastes will reduce the cost of manufacturing products containing
metals.

In addition, many metal wastes belong to the first class of danger. If they are not
recycled, they will cause irreversible damage to the environment. Metal waste enters
the environment through its dispersion in all ecosystem environments (atmosphere,
hydrosphere, lithosphere). The concentration of metals in the environment can change
both naturally (redistribution between the land surface, water and atmosphere) and
artificially, as a result of measures taken by human. Any contamination usually doesn’t
become immediately noticeable, it often has a hidden character. Not only emissions of
harmful substances can be dangerous, but also any other substances that aren’t
characteristic of the ecosystem [2; 1085].

Classification of metal waste in our country is carried out according to State
Standards. According to them, metal waste is divided into ferrous and non-ferrous
metal waste. Ferrous metals are divided into different groups, according to different
indicators: by the carbon content (steel scrap and waste, where the carbon content is
less than 2 %, and cast-iron scrap and waste, where the carbon content is more than
2 %), by the presence of alloying elements (carbon and alloyed), by quality indicators.
Non-ferrous metals, in turn, are divided into 17 groups: aluminum and aluminum
alloys, tungsten and tungsten containing chemical compounds, tungsten alloys,
cadmium and cadmium compounds, cobalt, its compounds and alloys, magnesium and
magnesium alloys, copper, brass, bronze, molybdenum, molybdenum-containing
chemical compounds and alloys, nickel and nickel alloys, tin and tin-lead alloys,
mercury and its compounds, lead and lead alloys, titanium and titanium alloys, zinc
and zinc alloys, composite scrap, bimetals.
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Before recycling, metal waste undergoes a number of operations for preparation,
which are described in the sources [3; 101] and [4; 218]. The first stage of processing,
as a rule, is crushing. The crushed waste contains many different impurities, so after
crushing, the mechanically separated fractions are separated from each other. Also,
mechanical methods of waste crushing include waste crushing by explosion energy,
copra crushing, cryogenic crushing and scrap metal cutting. Metal cutting includes four
types: gas (oxygen) cutting, gas-arc cutting, plasma cutting and drilling with an oxygen
Spear.

Further, the crushed waste goes through the sorting stage by various methods,
such as magnetic separation, eddy current separation, air separation, screening and
electric sorting.

After grinding and sorting, the scrap goes through the stage of packaging (for
heterogeneous waste) and briquetting (for homogeneous waste).

Also, when preparing waste for processing, pyrotechnic control is carried out —
control of scrap metal and metal waste in order to detect and remove explosive objects
and flammable substances from them. Waste passes pyrotechnic control twice: by the
delivery company and by the procurement company.

There are a huge number of technologies for recycling scrap metal, which is due
to the variety of metals that make up this waste, as well as a fairly large number of
impurities, the removal of which requires additional operations.

One of the most common methods is the leaching of metals. Let’s consider this
method in more detail on the example of aluminum waste.

The process of recycling aluminum-containing waste begins with the production
of alkaline-aluminate solutions, which are obtained by the interaction of aluminum or
its oxide and hydroxide with the transformation of the OH" group of the alkaline
solution into a complex ion. The reaction equations of this process are given in the
source [5; 428] and are shown in Table 1.

Table 1
Preparation of alkaline-aluminate solutions

Al Al +OH+3H,0=Al(OH) 42+1,5H> (1)

AI(OH)3 aMopdHBIH AI(OH)3T, aMOp(belﬁ+OH-aq: AI(O H)_4aq (2)

Al(OH)3 6aiiepur | Al(OH) 35+ OH 3= AI(OH) 449 (3)

Al(OH)3 senur AlO(OH)+ OH 3q+H20=2AI(OH) 44 (4)

Al(OH)3 maciop | AIO(OH)+ OH 3q*+H,0=2AI(OH) 444 (5)

G-A|203(TB_) KOpYHL G-A|203T3+3H20+20H_:2A|(OH)-4aq (6)

Aluminum waste includes a large number of different aluminum alloys that
contain other metals, such as calcium, magnesium, copper, manganese, silica, zinc, and
iron. These alloys should be considered as a uniform distribution of elements in the
crystal lattice of an aluminum alloy.

When aluminum alloys come into contact with water and alkali, local galvanic
cells occur. To estimate the dissolution of the aluminum components, the authors of
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the source selected the Gibbs free energy (the values are shown in Table 2), which is
related to the electromotive force of the element by the equation:
AGYy = nFE°,
AGY,5 — Gibbs energy, n —ion charge capacity, F — the Faraday constant, equal to
96485 Cl/mol.

Table 2
Gibbs free energy
Alloy Chemical reaction AGYgg, Standard
Element kJ/mol potentials of
metals, V

bepunnuii Be,,+20H+2H,0=Be(OH),>+H, -309,38 -1,847
Amnromununii | Al +OH+3H,0=Al(OH),+1,5H, | -337,77 -1,66
Maprasuen Mn,;+OH+2H,0=Mn(OH)3+H, -97,32 -1,18
Xpom Cr o, +OH+2H,0=Cr(OH)s+H 49,27 -0,852
LluHK Zn,+20H+2H,0=Zn(OH)#+H, | -74,05 -0,763
Kaamuii Cdyy+20H+2H,0=Cd(OH).>+H, | 46,76 -0,403
Keneszo Fe,+20H+2H,0=Fe(OH),>+H, 35,64 -0,037
Kpemuwnii Si+20H+2H,0=H,Si04*+2H; -398,63 -
Menp CU+20H+2H,0=Cu(OH)4*+H 152,09 +0,337

These compounds, as a result of a chemical reaction, release hydrogen from water;
and the main role of alkali is the dissolution of hydroxide.

For aluminum, the process is as follows:

I. Al+H,0=Al(OH);+1,5H,
Il.  Al(OH)3+OH=AI(OH),

Since the resulting aluminum hydroxide is an amphoteric compound, it then
exhibits acidic properties and is easily neutralized by alkali to form a complex
compound. Silica behaves the same way.

Elements that exhibit basic properties, even when dissolved in an alkaline solution,
will be represented only by hydroxides. Therefore, for the processing of aluminum
waste, it is necessary to apply a thermodynamic approach to the analysis of the behavior
of all components when they are dissolved in an alkaline solution. The development of
the technological process begins with the determination of the amount of aluminum
oxide, which can be converted into an alkaline-aluminate solution.

The dissolution of the aluminum alloy and its components is possible only when
free caustic alkali is present in the solution. However, it should be taken into account
that the process of dissolution of the alloy occurs in reactors with an open surface, so
caustic alkali is able to absorb carbon dioxide from the air:

2NaOH+C0O,=Na,CO3+H,0

As a result, the amount of free alkali decreases.

So, the sphere of use of secondary metals in the world is at the stage of active
development. Modern researchers are improving old technologies and developing
fundamentally new ones.
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The combat use of UAVs in international conflicts is regulated by the norms of
international humanitarian law, although arms treaties or other legal treaties in the field
of IHL do not contain specific references to them. The use of UAVs, as well as other
types of weapons, implies that it should not be aimed at destroying the civilian
population or civilian infrastructure that is not strategically important for the enemy,
which is why the party with the UAV should separate the objects of the strike before
using it, it is also worth noting that the international convention stipulates that UAVs
can not carry prohibited weapons(nuclear shells, biological, chemical weapons, and
also for some countries nuclear bombs).

From the point of view of international humanitarian law, any type of weapon
that allows attacks to be carried out with a greater degree of accuracy and avoids the
associated loss of civilian life, injury to civilians and damage to civilian objects should
be given preference over those types of weapons that do not provide such capabilities.
Whether such advantages are given by UAVs depends on the specific circumstances
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of a particular case. This issue is the subject of ongoing discussion, in part because of
the lack or scarcity of information about the consequences of most UAV attacks.

If the UAV is not involved in combat operations, then the norms of international
humanitarian law no longer work here. In the Russian Federation has a number of
normative legal acts that regulate the use of UAVs: The decree of the President of the
Russian Federation dated 05.05.2004 580 N “On approval of List of goods and dual-
use technologies that can be used to create weapons and military equipment, and
subject to export control” “Air code of the Russian Federation” dated 19.03.1997 N
60-FZ Responsibility of the UAV operator.

Like an ordinary soldier on the battlefield, the UAV operator fights only at a
great distance from the theater of operations, respectively, the operator is responsible
for his decisions like an ordinary soldier, which is why his operator is responsible for
the launched missile from the UAV. As a rule, the operator acts under a responsible
command-therefore, according to the norms of international humanitarian law, UAV
operators and their commanders are responsible for their actions. The fact that they are
thousands of kilometers away from the battlefield does not relieve the UAV operators
and their commanders from their duties, which include observing the principles of
distinction and proportionality, as well as taking all necessary precautions when
carrying out an attack. Thus, the duties of UAV operators in the field of compliance
with international humanitarian law are no different from the duties of pilots of crewed
aircraft, such as helicopters or other combat aircraft. As with the pilots of combat
aircraft, the rules of international humanitarian law state that they can be attacked in
relation to UAV operators.

In 2003, drones were openly used in lrag. The main task of the drones was
reconnaissance. First of all, it was necessary to identify the land mines installed along
the main roads and, if possible, follow the enemy forces to their hiding place. After a
while, the idea of using drones met with protest from Air Force officers. They were
afraid that drones would gradually take their place and did not want to share the battle
glory with the operators of “radio-controlled toys”. Requests from the strike group
command in Iraq for the supply of drones were blocked at the level of the US Air Force
leadership.

By 2009, more UAV operators were trained than combat aircraft pilots. The
dominant role of drones in modern combat tactics continues to this day. Depending on
the type of machine, it can perform the following tasks:

- Intelligence.

- Transfer of data to the control point in online mode.

- Aiming missiles and artillery at enemy positions.

- EW-jamming the enemy’s communication channel.

- Retransmission. With the help of several drones, you can create a chain through
which an encrypted signal will be transmitted.

- Drop bombs and launch missiles from the board.

- As a target duringair defense repulse exercises.

The US is most actively using combat drones. The devices are mainly used in
combat operations and anti-terrorist operations in the Middle East. The exact number
of deaths from the actions of drones is unknown. For example, according to the CIA,
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in the period from 2004 to 2016, up to four thousand people died from the actions of
American drones in Pakistan, of which one thousand were civilians. The main problem
of conducting a war with the use of drones is a large number of civilian casualties.
Other issues include:

- Artificial intelligence is used to recognize targets, the Al can not distinguish
the enemy from a civilian or a prisoner of war.

- Availability of the technology. Terrorists can buy drones on the black market
and use it for their own purposes.

- Terrorists can use civilian models of drones to carry out attacks in cities in
Europe and the United States. For example, to spray toxic or radioactive substances
over mass gatherings of people.

- The legal aspects of the use of such machines have not yet been resolved.
Accordingly, operators can be convicted.
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HECKOJIBKO CIIOCOBOB CJIEJIATh HAYKY YBJIEKATEJIbLHO

AnHoramusi. CraTbs TMOCBAIIEHa TEME TMOMyJIsIpU3alMd HAyKd Cpeau
Mosiofexu. Ilo MHEHHIO aBTOPOB, MOMYyJApU3aIMs HAayKd OylneT crnocoOCTBOBAThH
TEXHUYECKOMY U 00I1IeCTBEHHOMY Iporpeccy. B paboTe npeanararoTcst cnoco0sbl, Kak
CeNIaTh HAyKy IPUBJIEKATEIbHOMN JI51 MOJIOJEKH.

KiroueBble cJjioBa: Hayka, 3HaHUS, COBPEMEHHAs TEXHOJIOTMS, Ppa3BUTUE
Hay4YHOI'O MHTEpeEca.

We live at the age of advanced science and technology and every single aspect
of our life is greatly affected by scientific progress and various inventions. We can
name innumerable ways in which the humankind has benefited from contributions of
science and it continues to do so. But many of us think that science is something very
serious done by people in special suits behind closed doors in laboratories and accept
as truth the knowledge that has been produced in these very laboratories. Consequently,
many people perceive science as inaccessible and boring, because they have only
encountered it in the pages of school and university textbooks. But are they right? Is it
possible to develop people’s interest in scientific knowledge? In the following article,
I will present a brief discussion on how science may become amazing for young people.
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What do we know about science? “Science is the study of the structure of natural
things and the way that they behave” [1]. A complex concept, isn’t it? Let me try to
explain in simpler terms: science is a system of knowledge about everything around
us.

Undoubtedly, science is complicated as for centuries, people have been
gathering more and more knowledge about the world around them and trying to
systemize it.

The education system invites us to get knowledge accumulated over thousands
years from textbooks on various subjects in the school curriculum and it worked
successfully a hundred years ago. But in the 21st century, the idea of comprehending
science from textbooks seems boring to many people as there are lots of other sources
to get scientific information in a more interesting way.

So, what can we do to make science amazing?

Firstly, we need to understand that most of our worldviews are formed at a young
age. It is evident that the preconditions for creativity and interest in science are
established at preschool age, although subjectively the child is constantly discovering
new things in later periods of development [2]. This is why it is worth paying close
attention to the popularization of science among children.

In my opinion, the most necessary thing we can do to develop children’s interest
in science is not to leave their questions unanswered even if they seem ridiculous.
Toddlers often ask adults questions like “Why is the sky blue?”, “Why does the sun
shine during the day and the moon at night?”, “Why can birds fly and | can’t?” and
many more things that a child cannot understand. If you do not know the answer, then
look for it together. In this way, you will encourage your child to develop an interest
in learning new information by your own example.

The second prerequisite thing is to explain things in a simple language and to
present scientific material in an accessible way as a child will not understand complex
scientific terms and formulas.

The next important point in developing children’s interest in science is to
popularize science in sources accessible to children. Today almost every child has a
gadget: a phone or a tablet. Now we will not consider the negative factors that affect
children. I will look at how modern technology can be used to get children interested
In science.

A lot of social media and bloggers can be a good way for popularizing science
as it applies not only to children, but to anyone in general. There is already a huge
number of popular science websites and channels where people have access to
scientific information presented in plain language. When the tablet becomes an element
of learning, children become more engaged in the learning process [3]. If the network
is guided by the development of scientific interest, | am sure we will get good results
in the near future.

In addition, the opportunity of a direct participation in a process may have a
strong impact on the development of children’s interest in science. For example,
museums that currently promote science to the masses have classes where anyone can
take part in various investigations. 1 am convinced that the chance to take part in a
scientific experiment will leave a child with an enjoyable impression of science. What
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IS more, you do not have to go to museums to conduct scientific experiments — you can
do them at home. For example, it is possible to grow salt and sugar crystals at home,
as well as sprout bean or flower seeds.

What can we do next?

It would good to modify the school system for learning science. Certainly, all
school subjects — from history to physics — are important but you cannot force a
teenager to study every area of science substantially. This can have a negative effect
on their attitude towards science in general.

It is necessary to let the teenager try everything and select the most interesting
area of scientific knowledge. Other areas should be studied for the proper formation of
the worldview and general development, but not by requiring detailed knowledge of
every topic.

In addition, it is important to realize that learning only theory is bad for the
teenager’s attitude towards science. Digital technology is now becoming the most
convenient way of getting and sharing information [3]. Therefore, it is necessary to use
modern technologies and interactive methods of teaching to make science useful and
fascinating. For example, to arrange excursions to history museums for those who are
interested in history, to botanical gardens for those who are interested in biology etc.
The digital generation, which is our future, cannot and should not be brought up in the
style our parents learned [3].

What can be done to ensure that science does not lose its fascination for adults?
When the teenagers become university students, their interest in science depends
directly on opportunities. At university, the student can get help from qualified and
experienced teachers, support from his or her peers and perhaps even some financial
support for his or her research. At this age, science becomes more practical. VVarious
university societies promote participation in scientific conferences. Moreover, there is
the opportunity to participate in serious competitions, and as you know, competition
often pushes you to research and implement something new.

It is important to note that at none of the stages the individuality should be
suppressed. Only if a person feels comfortable expressing him or herself when
acquiring and processing knowledge, science will be fun.

In conclusion, | would like to go back to where I started my discussion. | started
with a complex definition of science written in the textbook, which is difficult to
understand from the first reading. In my paper, | wanted to show that science is all
around us every day because everything that happens around us is science. The
computer in which this paper was created, the car that drove by the window, the flower
growing on the windowsill — these are all processes that | understand because of
science.

It is necessary to understand that interest in science should be developed from
childhood onwards, so that it can develop into a lifelong endeavor and new socially
important knowledge and inventions.

The system for acquiring scientific knowledge should be structured in such a
way that each person with his or her own particular characteristics can access the
information he or she is interested in and express own attitudes and thoughts on the
subject.
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Undeniably, by using all the resources available in today’s world, it is possible
to make science amazing for everyone.
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In the Russian Federation, as it was in many countries all over the world, 2020
became a real challenge. According to report of the Russian Government, which has
been published recently, revenues from a variety of industries really decreased. Many
companies faced new range of problems, whereas they had no possibility to stabilize
their own budgets except from asking for public support. It meant that Ministry of
Finance of the Russian Federation had been responsible for restructuring of the
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expenditure part of the federal budget. Moreover, there was news that taxes and other
meaningful revenues for the state had not remained on the level of previous years. This
situation could not be managed by using traditional methods of lower interest rates.
That is why all these key changes caused by the coronavirus pandemic are followed by
the reallocation of funds in the federal budget.

The President of the Russian Federation firstly addressed to nation on March 25,
2020. He noticed that, just like other countries’ economies, the Russian economy is
experiencing substantial headwinds due to the effects of the epidemic. In that speech
consumer loan and mortgage holidays were declared, Vladimir Putin asked the
Government and the parliament to expedite approval of the necessary regulatory
changes. Finally, he told citizens that it was necessary to defer all taxes on small and
medium-sized businesses, except for VAT, for the next six months, meanwhile micro
businesses should also be granted a deferral on their contributions to social insurance
funds [1; 3]. This event was such as an accurate step, which the Government and Staff
of the Presidential Executive Office had planned before.

To begin with, we should summarize meaningful obstacles, which took place in
the first quarter of the previous year. Our country, how it was noticed, turned out in the
difficult and depressive conditions. Apart from the fact that stabilization of the national
economic is a complex and long process, the impact of the coronavirus pandemic on
the Russian business and the financial sector will feature in a steady reduction of the
core economic indicators. It can be represented as a situation, in which Russian gross
domestic product falls and its growth slides to -4.8 %. To capture the economic impact
of a global pandemic, many researchers all around the world assume that all countries
face a severe shock—equivalent to the drop in growth China, which was determined as
the first example of regression, was suffering in the first quarter [2; 1]. This description
helps us understand why Russian entrepreneurs, banks, insurance companies and other
entities were on the verge of ruin. So, on the one hand, this address to the nation was
arguable for many of them, but, on the other hand, for them it widened the opportunities
provided by the Ministry of Finance of the Russian Federation. For instance, many
Russian citizens were protected from the problem of unemployment, postponed timing
of paying taxes contributed to saving money for payment of salaries in time.

Nevertheless, our country was not ready for lockdown, which had been saving
for a whole month. These obstacles became the main reason for enhancement of
financial and social support. Our Government suggested payments for those families,
who have children under 16 years old. Moreover, Russian doctors and nurses were
rewarded with special payments, too, because their bravery, heroism and dedication
had no chance to be left without attention. In my opinion, these solutions were totally
right, this is a part of social politics and moral attitude to our native people. However,
all of them expanded the expenditure part of the State budget. In the middle of the
previous year, it was the main challenge in which the Government of the Russian
Federation tried to find how to upgrade the level of export incomes. Attempt to generate
revenues in oil and gas industry would be dead-end, so it was essential to find
alternatives and change the structure of public expenditure.
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Table 1

Comparison of public expenditure in 2019 and in 2020 (bln rub)

Expenditures 2019 2020
National Economy 2827,10 |3483,90
Housing and Utilities Infrastructure 282,2 3715
Environment Protection 197,6 260,6
Education 826,5 956,9
Culture and Cinematography 122,4 1445
Health Care 713 1334,40
Social Policy 4882,80 | 6900,30

As it was noticed earlier, the main source of public revenues related to
commodity prices. Sergey Konygin, the analyst of the Russian economic and foreign
exchange markets in Gazprombank, told in the interview that, due to the negative trend
in mineral production, low oil prices, weak export dynamic and poor transport activity
would be considered as parameters, explaining this significant decline of revenues. He
noticed that it could be about 2-3 percentage points of GDP [3; 284]. That is why the
Russian Government tended to identify some appropriate consequences of this process
and take some actions to mitigate negative impacts of government deficit. It was
impossible to cut down labor costs because employees of public organizations such as
doctors and nurses in hospitals and polyclinics, teachers at schools, soldiers, border
guards and others continued working tirelessly and helped to save many spheres of
social life.

In addition, it is important to remember that many ecological problems were
solved by the Ministry of Natural Resources and Environment of the Russian
Federation in 2020. We can see in the table 1 that the Russian government spent 260
billion rubles on the environmental protection and liquidation of the negative and
destroying consequences of diseases in Norilsk and on the Kamchatka peninsula.
Obviously, this sum is bigger than in 2019, so Russian economic was influenced by
pandemic, different diseases, and financial crisis.

Finally, we should consider main tendencies remained in the Russian
Government’s fiscal policy after all social, economic, cultural, sport, ecological and
other processes, or events, which took place in 2020. Due to all examples, which were
represented in this article, it is necessary to identify changes in direction of
development of the national economy. Firstly, many actions of our Ministries become
more human-centered. Russia becomes more socially oriented, and the Government is
ready to modify its fiscal policy. Secondly, the Russian standard of living can be
improved because of growth of the public expenditures on culture, health and care of
the population. It will be a new step to improvement of the quality of public services
in the Russian Federation and expansion of the social values to the national economy.
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Nowadays, the transport sector has received rapid development. It permeates all
urban infrastructures. Thanks to scientific and technological progress, now people have
the opportunity to save time on moving around the city. Every second family has a car,
every sixth family owns two or more cars. The rapid growth of the passenger car fleet
has threatened the environment. The problem of ecology faced humanity before, but
the dynamics of environmental pollution forced to actively develop the market for
environmental goods and services. One of the most important developments was an
electric car [1].

According to the International Energy Agency for 2016, residents of Norway
have the largest share of electric vehicles (28.76 %), Sweden (3.41 %) and the
Netherlands (6.39 %) also occupy the leading place [2].

In Russia, environmental cars occupy a small market share and are not in great
demand. This is due to many factors. However, in the Russian electric car market, such
models as the Nissan Leaf, Tesla Model S, Tesla Model X, Tesla Model 3, Audi E-
Tron are in demand [3].

Demand for electric cars among Russians is small due to their high cost. The
cost of the Nissan Leaf — the most affordable model in the segment — ranges from
450,000 rubles for a 2012 car. For a 2016, you will have to pay more than 1 million
rubles. Tesla Model 3 is sold in Moscow for 4.7-6 million rubles, model S — for 9-11
million rubles, X — for 9-11.6 million rubles [4].

For a more detailed study of the causes of low consumer demand, we compiled
and conducted a survey. The survey was conducted among people who already have a
car and among those who are thinking about buying a car. The survey consists of 5
questions that cover the most important aspects of the topic. According to the results
of the survey, the number of participants was 50 people. The survey result can be found
below.
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Most respondents, under unchanged circumstances, would choose between an
ordinary car and an electric car — an ordinary one (64 %), despite the fact that many of
the respondents (58 %) believe that servicing a regular car is more expensive. However,
if their place of residence were equipped with equipment for holding electric vehicles,
the predominant majority (79 %) would choose an electric car as a means of
transportation. In addition, the main shortcomings, according to respondents, are: the
lack of charging stations, low battery capacity, long charging and low engine power.
But many called the prospect of abandoning ordinary cars and switching to electric cars
optimistic. In their opinion, this will help to clean the environment, but may also cause
new problems, since the disposal of used batteries can lead to unforeseen
circumstances. And the refusal to produce gasoline in such an amount as at present can
lead to a decrease in the incomes of countries, for example, in our country almost the
entire economy is built on the oil and gas industry and the rejection of gasoline will
lead to a significant decrease in income.

Based on all the above facts, we can conclude that the prospect of the transition
of most people to electric cars cannot be called either optimistic or pessimistic. Like
every revolution — in our case in the field of transport — it carries both positive changes
and negative ones. Unfortunately, at this time our country is not ready for the transition,
since it cannot adequately finance the integration of equipment designed for the optimal
functioning of electric cars inside Russia. However, some people consider this
transition very optimistic, but everything rests on the fact that there is no suitable
equipment and people have to abandon this idea and buy ordinary cars that pollute our
environment.

We hope that in the near future the demand for electric cars will increase and, as
a result, our country will provide citizens with the necessary resources and together we
will be able to reduce air pollution and the environment as a whole.
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HOUPPOBASA BAJIIOTA BI'OCYJAPCTBEHHOM YIIPABJIEHUN

AHHoTanus. B cTatbe paccMaTpuBaeTcs UCIONIb30BAHUE IM(PPOBBIX BATIOT IIPU
COBEPILIECHNHN KaK BHYTPUTOCYJaPCTBEHHBIX, TAK U MEXIOCYAAPCTBEHHBIX TPAH3aKIIU.
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In the last years with the spread of cryptocurrency a great number of
governments and international economic organizations consider digital currency an
excellent means of making transactions.

It is worth mentioning beforehand that despite similarities in usage, digital
currency does not equate with virtual funds on one’s bank card. The latter is money
deposited in a certain bank account belonging to a person who, with the use of a credit
card, is able to commit payments via their credit card. In this case none but the bank
has hold of the money, and despite the fact that legally this sum belongs to a certain
bank’s customer, it has the ability to redirect available funds for its purposes.
Moreover, if the bank goes bankrupt or is running low on money it may defer or
completely stop paying the deposit interest. After all, it could completely disappear
with all the contributors’ money.

On the contrast, digital currency is much different. Unlike traditional, it is not
expressed in any material equivalent and not backed by any precious metal or existing
currency since its essence lies in the code, which each unit of this currency is referred
to. This code is stored simultaneously on multiple devices, including the main and
backup servers, if this currency is controlled by the central bank (CBDC). [1]
Moreover, as Viktor Dostov, chairman of Russian Electronic Money and Remittance
Association (REMA) says, “Since now banks can technically issue cashless money
themselves, in theory, nothing prevents them from setting any amounts on the
accounts”. [2] One of the ways to prevent this is to introduce state-emitted digital
currency. Therefore, like cryptocurrency, it simply cannot be stolen, tampered with, or
lost.

The next advantage is versatility. As it is pointed out on the example of “digital
ruble”, it will be possible to pay both online and offline. [3] By excluding the mediation
of private banks, it will also be possible to reduce the commission fees from every
transaction and save the customers’ money. Another beneficial point is privacy of deals
for all market participants and simultaneous transparency for the national bank, which
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both help raise the level of trust towards the said currency and make it easier for the
government to calculate taxes. [1] Consequently, there’s nothing that stands in the way
of the user if he decides to withdraw, deposit, or make payments with digital currency.

The renowned pioneers of central bank digital currency are China and Singapore.
The purposes are simple, as listed on the DCEP website: “to exceed the US dollar as
the world’s reserve currency; detach from commercial payment infrastructure; get off
the gold standard™. [4] In Singapore digital currency is backed by the Singapore dollar,
whereas digital yuan is not supported by anything and thus possesses more features
inherent in cryptocurrency. As of today, Chinese coin is probably the most developed
digital fiat currency in the world, with tests being successfully carried out in ten largest
Chinese cities.

In Russia, several steps have already been made in progress towards the
introduction of a government-controlled digital currency. In October 2020 Central
Bank of the Russian Federation announced the introduction of a “digital ruble”, which
has been designed to be equal with national currency with all positive traits of a digital
currency. The future of this coin is promising, albeit requiring certain expenses for
launch and ensuring of accessibility: with total estimates of around 25 billion rubles,
mass surveys demonstrate the public’s anticipation towards the implementation of
central bank digital currency in daily life. [3]

As a result, it is obvious that progressive countries are willing to utilize cutting-
edge technology that has proved to bring great benefits, and digital currency is one of
them. A number of modern economists agree that it is but a matter of time when digital
currency begins replacing paper currency in circulation due to its reliability, security,
and simplicity of use.
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Today, space research and exploration are becoming more and more important
and popular direction in scientific, political and other spheres of human activity. An
interesting fact is that to date, space flights have been carried out privately for
entertainment or educational purposes, which leads to speculation about who owns
outer space, whether it is possible to buy a plot on the Moon, and so on, which
determines the relevance of the present paper.

The international legal regime of outer space and celestial bodies is defined by
the Outer Space Treaty of 1967, which contains “the fundamental principles of the
states’ activities in outer space and the norms that directly characterize its legal regime.
The States parties to the Treaty shall carry out activities for the exploration and use of
outer space, including the Moon and other celestial bodies, in accordance with
international law, including the Charter of the United Nations, in the interests of
maintaining international peace and security and promoting international cooperation
and mutual understanding (art. 111)” [1]. “Outer space, the Moon and other celestial
bodies are not the subject to national appropriation, either by proclaiming sovereignty
over them, by use or occupation, or by other means” (art. Il) [1]. An identical provision
is recorded in Article 11 of the Agreement on the Activities of States on the Moon and
Other Celestial Bodies of 1979. “These territories are the property of all the
humankind, and their exploration and use are carried out for the benefit and in the
interests of all countries, regardless of their economic or scientific development degree.
The results of activities related to the exploration and use of outer space are also the
property of all the humankind” [1].

At the same time, space and celestial bodies cannot be considered a “common
thing” or “common property” of the humanity. They are only in its general use.

Based on the Outer Space Treaty of 1967, we will analyze the incident of 1980,
when the citizen of the United States of America, Denis Hope, after studying the Outer
Space Treaty of 1967, and article Il of this treaty, in particular, which states/declares
that “outer space, including the Moon and other celestial bodies, is not the subject to
national appropriation”, came to the conclusion that it is possible to assign celestial
bodies, including the Moon, to private ownership. Thus, Denis Hope proclaimed the
Lunar Republic, founded the company “Lunar Embassy” [2] and began to sell land on
the Moon and other celestial bodies around the world. In Russia, Hope’s business is
officially represented by two legal entities: the Lunar Embassy and the Lunar
Consulate. The websites of these organizations explain that Hope “legally registered
ownership of the Moon, Mars, Venus and other astronomical bodies in the Solar
System, except for the Earth and the Sun”. When buying a plot on the Moon, you can
get several types of documents (sometimes for a fee): “Certificate of ownership”,
“Lunar Constitution”, “Map of the Moon” and “Lunar Passport”. To date, for about 4
million inhabitants of the Earth from 180 countries of the world have become owners
of foreign land plots, among Russians — 20 thousand people according to 2019 [3].
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Dennis Hope was not the first person who staked claim on the lunar territories.
Thus, back in 1937, the resident of Georgia Linsday claimed all the planets in space.
In the 1940s, there were numerous requests to the Land Administration for lunar sites.

Consider another fact. In 2000, an American called Gregory Nemitz declared the
asteroid Eros. He did it in a very original way: when the NASA spacecraft landed on
an asteroid, Nemitz demanded to pay him a parking fee on his asteroid in the amount
of $20 for 100 years. The case went to trial, where Nemitz, however, was unable to
convince the judge, who nevertheless took the matter seriously.

A similar lawsuit was filed by Canadian Sylvio Langvein in 2012, saying that he
wants to collect planets and prevent China from seizing space bodies. As a result, the
judge was forced to reject the proactive plaintiff.

Thus, according to the “Outer Space Treaty”, “no country has the right to report
a violation of its sovereignty if someone implements a landing on the moon or
implements the launch of an artificial satellite into space”. [4] Note the fact that
according to some lawyers, this prohibition does not apply to private appropriation.
That is, the Outer Space Treaty of 1967 does not contain a literal ban on the acquisition
of ownership of the Moon. Actually, this omission in the law was referred to by Denis
Hope.

On April 6, 2020 Donald Trump issued a decree on the commercial development
of the Moon and other celestial bodies. In fact, the document establishes the unique
right of Americans to use the resources of outer space. “Outer space is a legally and
physically unique domain of human activity, and the United States does not view it as
a global commons”, noted in the decree [4].

Earlier, Trump repeatedly called the development of the Moon a priority in the
United States’ space policy. In March 2019, he demanded “at all costs” to send
Americans to the moon within the next five years.

The legal status of the Moon and the possibility of using its resources at the
international level are not fully clear. The 1967 Outer Space Treaty, which is the basis
of international space law, only prohibits the deployment of weapons on the Moon and
the declaration of sovereignty over any part of it, but does not regulate the commercial
use of the Earth’s satellite resources. But, it should be noted that in 2019, the
International Court of Justice, followed by the US State Department, made statements
according to which none of the earthlings has the right to violate the 1967 Outer Space
Treaty, since any space object is a non — national property. Therefore, no individual
who necessarily has some kind of citizenship on Earth can claim sectors of the Moon
or Mars, as well as other planets, satellites, asteroids, and even stars.

To summarize the main points of research, authors can conclude that all
certificates confirming the purchase of any space objects, from a legal point of view,
have no validity. First of all, this is a unique sample of original souvenir products.

Today, both at the State and international levels, attempts to challenge the above-
mentioned legal acts on outer space are resolved peacefully. The documents are
discussed and signed by all countries unanimously, being that there is no practical sense
in challenging them. The current space laws are mostly opposed by individuals, but
they always lose.
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AnHoramusi. B pabore paccMarpuBarOTCS  JIOTHCTHYECKHE  BOTMPOCHI,
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One of the priorities and important directions of the Russian Ministry of Energy
Is the development of gas supply and gasification systems. Gazprom, the largest energy
company in the world, has the world’s largest natural gas reserves (16 % of the world’s
total gas reserves and 71 % of Russian reserves) and is responsible for implementing
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this strategy. “Gazprom is also the leader in gas production, accounting for 12 % of
global production and 68 % of Russian production”.

PJSC Gazprom is actively developing activities for the gasification of Russian
regions, which should provide an economically feasible, the highest quality level of
gasification of territories, meet the ability to pay for the resource, improve living
conditions and quality of life of the population, as well as increase the economic
potential of Russian regions.

PJSC Gazprom is an active participant in global gas field development projects.
Currently, one of these projects is the Shtokman gas condensate field. It was found in
the Barents Sea, six hundred kilometers from the city of Murmansk to the northeast.
Design and survey work carried out over several years proved high economic
efficiency of the field development and exploitation. According to the given estimates,
the projected lifetime of the field is more than 50 years, the planned volume of natural
gas production — 90 billion m3 per year [1].

In order to select the optimal logistical solution for the selection of gas pipeline
routes from the Shtokmanovskoye field, several options were considered. The route
Shtokmanovskoye field — Teriberka (Murmansk region) — VVolkhov (Leningrad region)
was chosen. The logistical advantage of this route was determined based on the analysis
of technical and economic indicators, which are characterized by the following
indicators: the shortest distance from the field to the point of connection to the existing
gas supply system, which is located in areas with developed infrastructure, both social
and industrial. The route will run close to settlements and industrial facilities of the
northern regions — Murmansk Oblast, the Republic of Karelia and Leningrad Oblast —
so this logistical solution will ensure minimum investment in the gas pipeline [2].

The logistic solution in selecting the route should take into account not only the
economic efficiency of the project, but also ensure safety issues. This project envisages
a set of measures to ensure the preservation of the Murmansk region’s water ecosystem,
taking into account the proximity of the gas pipeline to the Kola nuclear power plant
and other mining enterprises. The proximity of hazardous industrial facilities increases
the level of seismic and explosion hazard of the gas pipeline, so it is necessary to
minimize environmental problems and ensure the inadmissibility of accidents both
during the construction period and in the future operation of the gas pipeline.

Another logistical advantage of selecting the above route is reducing the
dependence of the Murmansk Oblast on imported fuel, as well as eliminating the need
to use nuclear power and expanding the capacity of the Kola Nuclear Power Plant.

It should be emphasized that the development of the Shtokman gas condensate
field will also contribute to solving social and economic problems of the affected
regions of the Russian Federation:

- strengthening of the defense complex of Murmansk and St. Petersburg by
creating platforms as well as equipment. Murmansk and St. Petersburg by
creating platforms and equipment;

- improving the quality of technologies in the gas industry;

- supply of one of the cheapest energy resources to Murmansk and Arkhangelsk
oblasts and the Republic of Karelia;
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- reduction of dependence of the Russian regions on the other types of fuel;

- enhancement of gas availability in the Russian regions, which are already

gasified,;

- increasing the population employment and the level of provision with gas;

- increase in the number of new jobs;

- lower social tension.

Let us consider the cost of resources used for heating systems in gasified and
non-gasified regions of the Russian Federation. As an example, let us take the
Murmansk and Leningrad oblasts. Most municipalities in the Murmansk Oblast use
coal or fuel oil as a resource for heating.

Pursuant to Resolution No. 57/7 of the Tariff Regulation Committee for
Murmansk Region dd. 18.12.2020, tariffs for heat energy consumers (population) (coal
as the energy carrier) in Murmansk were set at the rate of 2927.99 RUB per 1 Gcal,
and for heat energy consumers (population) (fuel oil as the energy carrier) — 3364.36
RUB per 1 Gcal.

At the same time according to the Order of Saint-Petersburg Committee on
Tariffs Ne 255-r of 18.12.2020 the tariffs for energy carrier (gas) in amount of 6.56
RUB per 1 m3 for those consumers (population), who have an opportunity to use main
pipeline natural gas, were set. The same tariff for natural gas is established for the
population of the Leningrad Region (Order of the Committee on Tariffs and Pricing
Policy of the Leningrad Region Ne 76-L of 31.07.2020).

For example, let’s calculate the amount of payment for heating for consumers in
the Murmansk Oblast and Leningrad Oblast for a 2-room apartment with an area of 52
m2. Calculation will be made on the basis of standards of consumption of communal
services for gas and heating with another energy carrier, established by Order of the
Committee of the energy complex and housing and communal services of the
Leningrad region Ne 3 of 16.05.2012. Standard consumption of communal services for
gas supply for owners living in apartment buildings: heating 1 m2 of natural gas is 8.2
m3. Thus, the payment for the heating service of a 2-room apartment with the area of
52 m2 will be 2,797.18 rubles for the residents of the Leningrad region.

To calculate the payment for the heating service for consumers in the Murmansk
region, we determine the consumption standard based on the Order of the Ministry of
Energy, Housing and Communal Services of the Murmansk region Ne 34 0f 11.03.2013
(as amended on 5.03.2019) — 0.029 Gcal per 1 m2 of area. Thus, the payment for the
service of heating a 2-room apartment for the population of Murmansk will be 5073.45
rubles.

The implementation of the gasification program, in particular, for the Murmansk
region could solve many problems both on a regional scale — the withdrawal from fuel
oil dependence, and for each individual resident of the region.

The deadline for the start of Shtokman field development has been periodically
postponed due to the scale and complexity of the project, as well as the ways to sell the
produced gas. But in February this year, the government approved a program for the
development of liquefied natural gas production in Russia. It stated that by 2035 a plant
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for liquefaction of gas produced at the Shtokman gas condensate field is planned to be
commissioned [3].
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«MSTKUX» U TUGPOBBIX HABBIKOB, HEOOXOIUMBIX ISl OOECHeUeHHs] CTaOWIIBLHOM
paboroii.

KiroueBble ¢j10Ba: ppIHOK Tpyaa, 6e3paboTuIla, «KECTKUE) HABBIKU, «MSATKHUE)
HaBBIKH, TPEOOBAHUS K PaOOTHUKAM.

The COVID-19 pandemic had a profound impact on the global economy, which
entailed changes in the labor market. The article is aimed at discussing the altering
requirements for successful employees in terms of acquiring new hard, soft and digital
skill sets.

One of the main tendencies in the labor market is increasing unemployment. On
the one hand, about 500 million people in the world lost their job due to the pandemic
and find it difficult to get a new one [1]. On the other hand, companies also face the
problem of finding qualified employees. A high unemployment rate usually implies a
lot of job seekers per vacancy. However, in this crisis the situation is different: a lot of
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people are not looking for a new stable job in the hope that they will have the
opportunity to restore their places later, after the pandemic. Many older people retired
early because of COVID-19. They contribute to the unemployment level, and the
number of unemployed for today is historically high. In an ordinary crisis, the level of
goods consumption falls, while the use of services remains the same. This time
everything is different: due to the need for social distancing, most job losses occurred
in the service industry [1].

Other trends in the labor market include companies paying more attention to
gender equality, offering social insurance to their employees and introducing new
requirements for the workforce. There is an increasing demand for such professions as
a financial analyst, a specialist in sales and marketing, a software developer and
programmer, a product creator and designer and a client manager [1].

Apart from the economic crisis, one of the main factors that made employers
reconsider their requirements for future employees was the need to switch to remote
work. The pandemic forced enterprises to admit that a large majority of their workforce
can perform their duties efficiently from home. According to the Superjob study, about
70% of employees work much more productively outside the office [2]. Also, 97 % of
Beeline managers note that the efficiency of work in the work-from-home model has
not decreased. As a result, “VimpelCom”, which provides services under the Beeline
brand, has transferred 56 % of office employees to remote work [3].

The set of skills and abilities required of an employee in these working
conditions ranges from time management skills to digital skills. With the work-from-
home model, it is important for employees to differentiate between “working time” and
“personal time” [4], i.e. independently organize work schedule, without being
distracted by household chores. In addition, measures should be taken against
procrastination: turning off notifications and blocking individual sites for 5-7 hours
during the work. There are various programs and methods of time management,
including “the getting things done” technique, which implies noting down the tasks at
hand, breaking them down into smaller assignments and setting time limits for
accomplishing them, thus improving personal productivity.

The remote mode of work and the increasingly competitive professional
environment and technological advancement make it necessary to constantly improve
one’s digital skills. For the employee to remain in demand, it is absolutely important
to be able to freely use basic communication programs such as Google + Hangouts,
Skype, Zoom [5], to be ready to interact with the team remotely by participating in
group chats, including “off topic” chats, through video conferences (since
brainstorming is more effective if conducted orally) and virtual out-of-office meetings,
for example, online game tournaments. It is vital both for generating ideas and
socializing in the company. The digital skill set also includes the employee’s ability to
ensure security of the company’s data and carefully check all the programs and files
they are going to work with. If the company’s data are stored on the Internet, it is best
to use smart-cards or USB-tokens that can protect confidential information from
intruders.
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Another interesting trend in the labor market of the future is the idea of
continuing education, or “life long learning” [5]. This concept is not necessarily related
to an advanced training within a single speciality. It also includes learning another
profession and acquiring new hard skills. There are certain hard skills that are in high
demand and that can help you secure a job. Firstly, the skills of working with a
blockchain — a big data base that collects information together in groups, also known
as blocks. The demand among employers is associated with a relatively small number
of specialists in this area. Moreover, there is very little competition. Secondly, the
ability to work with cloud computing. Many companies today are created and run in
the cloud and need people to help manage the technical architecture, design, and
implementation of cloud systems. Thirdly, there is a high demand for analytical
thinking. Work with data and analytics are another trend in recent years. Companies
need specialists who can analyze available data sets, draw conclusions and lead the
company in the right direction based on information. Fourthly, the ability to use
artificial intelligence, which allows computers to perform tasks that humans cannot.
Fifth, having business intelligence, the importance of which is constantly growing [1].

Undoubtedly, hard skills and digital skills will always remain relevant, but in
view of the big changes in the work activity, soft skills also come out on top. The
pandemic has shown how changeable the world is, so the applicants and employees
who were quick to adapt to the current circumstances had a competitive advantage over
their rivals. That is why flexibility of the workforce is absolutely important for the
development and implementation of innovative methods [5]. Also in order to adapt to
remote work, employees need high motivation, concentration and attention
management, which will help not burn out at work and cope with a large flow of
information and tasks; creativity for finding a non-standard solution; cross-cultural
skills and emotional intelligence for interacting with people from different subcultures
and generations.

Undoubtedly, due to the highlighted changes in the labor market, the future
workplace will look much different from the pre-pandemic model. Employees will
have to adapt to the altered conditions and develop their hard, soft and digital skill sets
in order to be in demand. Despite all the problems, the current situation can serve as a
springboard for achieving better results in one’s career. Regular professional
development will help overcome uncertainty and instability.
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TWO-SIDED MARKET APPLICATION TO UNIVERSITY STUDENT
DISTRIBUTION

Abstract. Now many people criticize the current system of distribution of
applicants across universities, but from a mathematical point of view, such system is
close to ideal. The 2012 Nobel Prize was awarded for exploring this and other issues
related to two-sided markets. The report will deal with the approaches and algorithms
used in this problem and the practical application of this theory.
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MNPUMEHEHMUME IBYCTOPOHHEI'O PBIHKA JIJIAA PACIIPEAEJIEHUSA
CTYZAEHTOB I10 BY3AM

AHHOTauMs. B Hacrosmee BpeMs MHOTME KPUTHUKYIOT CYIIECTBYIOLIYIO
CUCTEMY paclpenesieHuss aOUTYpUEHTOB 10 YHUBEPCHUTETaM, HO C MaTe€MaTH4ECKOM
TOYKH 3pEHUS Takas cucrema Onmm3ka K uneanbHoi. Hobenesckas npemus 2012 roga
ObUla MpUCYXKIEHA 3a HCCIEJOBAaHME 3TOTO M JPYTUX BOIPOCOB, CBSA3AHHBIX C
IBYCTOPOHHUMH pBIHKaMU. B craTbe paccMaTpuBarOTCS MOAXOABI M AJITOPHUTMBI,
MCIIOJIb30BaHHBIE B 3TOM MpoOsIeMe, U MPAKTUYECKOE MPUMEHEHHUE JAaHHOW TEOpUH.

KurwudeBble ci10Ba: JABYCTOPOHHHUUM PBIHOK, anroput™ leiinma — Illerwm,
cTaOUJIbHOE pacrpeaeseHue, OJIOKUPYIOIIKE Napbl, MPEANOYTEHUs, MaTeMaTHUeCKast
MOJEb.

The model of two-sided market is applied not only in economy but also in other
areas: from telecommunications and cellular communications to donor distribution.
For the formal construction and study of this of model Alvin Roth and Lloyd Shapley
received in 2012 the Nobel Memorial Prize in Economics.

First, let us figure out the basic definitions. In general, the solution of this
problem lies in the domain of higher mathematics.

Two-sided market is a market model in which there are two types of agents. This
can be, for example, Men and Women, Students and Universities and others. Agents
can be matched only with agents of the opposite type. Each agent has a preference for
a different type of agent, which means each agent can say which of the other agents it
would more like to be matched with. A matching is a set of links between agents. A
matching is called stable matching if there are no blocking pairs for it. Let us illustrate
this definition with an example.

To begin with, let us take a very brief look at Marriage Model — the most famous
and classical model of two-sided market. There are two sets: Men and Women:

M = {my,my, ... m}, W = {w,wy, ..., w,} (1)

And a set of preferences:
P = {P(ml)i '--rP(W‘n)}r (2)
where P(m;) is an ordered list of agents.

w1 >m, W, Means that for the men with the number i first women is preferable
than second women.
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m; >, w3 means that for the men with the number i stay alone is preferable
than second women.

A pair will be called acceptable if both the man and the woman prefer to be with
each other rather than be alone. A pair is not acceptable means that one or both agents
do not like their partner so much that they would rather remain alone. Matching u
consists of acceptable pairs in which agents do not repeat. If (m, w) is included in the
matching x, then u(m) denotes w and u(w) denotes m. A blocking pair for the matching
w« Will be such a pair (m, w) that for each of the agents m and w this pair will be better
than their pairs in the matching u, that is:

w > u(m) and m >, u(w) (3)

It important to say that the blocking pair is not included in the matching. Let us
look at the example. There are two man and two women: m;, my, wi and w,. They have
preferences and have already suggested matching shown in Figure 1.

P(my) = (W1, w2) P(wy) = (my, m,))

P(m,) = (wy, w,) P(w,) = (m;, m,)
Figure 1

Consider the pair (m;, wy). It is not included in matching, but m; prefers w; over
wy, and w; prefers m; over m,. That means pair (m;, wy) is blocking, since condition
(3) is satisfied: wy >, w, &m, >, m,

The Gale-Shapley algorithm is used to find a stable matching. It will be
described in general terms for the Marriage model, but in practice we will look at the
model of distribution among universities. At the first step, each man proposes to the
girl who goes first on his list of preferences. Each girl may have a few proposals or
may not have even one. Then each girl on the list of candidates chooses the most
preferable man and tells him “maybe”, while to the rest she answers “no”. At the next
step, the “rejected” men make new proposals to the next girls on their lists of
preferences or remain alone, if it is more preferable for them. Girls compare their
current candidate (if any) with new ones and make a choice. This happens until there
are no “free” men left [1].

The proof of stability is almost trivial. Let us prove this statement by
contradiction. Let there be a blocking pair. Then a man from this pair had to propose
to a girl from this pair, but since he is not with her, it means he was rejected, which
means now this girl is with a more preferred partner. This is a contradiction, so there
are no blocking pairs, which is what we had to prove.
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Now we will expand this model to applicants and universities. The difference is
that instead of men, we have applicants who can still go to one university, and instead
of women, universities that can now accept more than one student. So, matching can
have more than one pair with the same university, but the rest remains the same. Let
us consider the work of the expanded algorithm using an example.

We have 3 universities with 2 places in each and 7 applicants. The preferences
of universities and applicants are shown in Fig.2:

P(s1) = (U1, Uz, Us) P(U1) = (s, S2, Ss,
S4, S5, S, S7)
P(s,) = (U, U, Uy

P(s;) = (Uy, Uy,

P(UZ) = (531 511 541

P =
(5= (Up, U, U Sg» g1 Sy S7)

)

P(sy) = (U, Uy, U,)

P(Ug) = (531 511 521

P(sy) = (U,, Uy, Uy) Sg» S50 S41 S7)

U3) ‘
P(s;) = (U,, Us, U))

Figure 2

At the first step of the algorithm, all applicants submit documents to the

institution of higher priority for them. So, all students except ss go to the U;, and the ss
goes to U,. Of all the applicants, U; chooses students s; and s,. U, considers the
candidacy of ss. At the next step, all “free” students apply to the university that is in
second place on their lists of preferences. So s; and s, submit documents to U, and sg
and sy submit documents to Us. U, decides to keep sz and s, and reject ss’s application
from the previous step. Us accepts all applicants. At the third step, the “free” student ss
applies to Us, which accepts it and rejects s;’s application. He applies to U,, but he is
denied, since s3 and s, are more priority. Sy remains without a university. This is not
surprising, since it is the last one in the preferences of all universities, and the number
of vacant places is less than the number of applicants [2].
The current system works in a more or less similar way: applicants prioritize
universities, universities form priorities given the Unified State Exam (EGE) scores.
The main difference is that there are only two waves. The real system is complicated,
for example, with quotas, but for such cases there are varieties of algorithms. This
system, of course, would probably be better if there were more than two waves of
enrollment, but this would significantly complicate the bureaucratic issues. Thus, we
can see on the example of this model how theory and practice are closely intertwined,
giving good results.
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WHAT BUSINESS WILL BE POPULAR AFTER THE PANDEMIC?

Abstract. The pandemic has upended the economy. Many businesses have gone
bust, but some are only gaining popularity. The article provides a forecast for the future
about what types of business will be in demand in the future after the pandemic.
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KAKOM BU3HEC BYJET NOMYJIAPEH IOCJIE MAHAEMUUN?

AnHoTauus. I[langemMus KopoHaBupycCa MEpEBEpPHYyJa 3KOHOMHUKY. MHorue
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The COVID-19 pandemic has changed people’s lives dramatically. Absolutely
everyone sure that people’s lives will never be the same: the economic and social
spheres are changing and will continue to change. Many enterprises have suffered huge
losses, some had to close their production because of the inability to increase profits,
which leads to the impossibility for the company to exist. However, some types of
business managed to adapt to the new changes in the economic sphere, were able to
come up with workarounds so as not to lose sales and survive in the market. It is
possible that after the pandemic, this business expects growth and popularity. The
purpose of this work is to identify business areas that will be in demand after the
coronavirus pandemic, based on people’s preferences.

Obviously, the main task of any business is to make a profit. However, there are
still a few criteria that you should rely on when starting a business after the pandemic.
Before choosing a particular niche, it is worth considering the following factors:
demand, uniqueness, digitalization [1]. In the era of the coronavirus, digitalization
plays an important role. This point has become even more important in the conditions
of modern life of people around the world. The outbreak of a new virus at some point
“closed” people to their homes. According to a survey of 70 people aged 16-40 years,
56 % of them noted that they began to stay at home more often after the end of strict
quarantine restrictions. As a result entire daily life of people is limited to the place of
residence and gadgets. To find out the news in the world, to work, to study — you
needed a computer, phone, tablet and so on.

® Yes

@ No but I cbserve
preventive measures

@ No, I leave the
house as often as
before

® I go out even more often

Pic. 1. Are you more likely to be at home after the end of the lockdown compared to the
period when the coronavirus was not yet known?

In this regard, the respondents were asked a question related to their studying
during the lockdown period. A survey showed that 70 % of the educational institutions
in which people study used distance technologies. They most often used such
applications as Skype and Zoom for conducting classes online. Most of the business
that did not close down switched to the online or remote work and they used such
programs too. This allows us to identify the first type of business — the creation of
applications and sites for online communication.
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® VYes

@ No
® Iamnot
studying

Pic. 2. Does your educational institution use distant technologies?

Many people took training courses, such as cooking or painting, because it was
boring to sit at home. The self-isolation regime confirmed that today in order to gain
new knowledge it is not necessary to be physically present at courses, at school or at
university. This means that schools, private teachers and coaches, using modern
technology, will be able to attract students from any part of the world. 81 % of the
respondents used additional education services during the pandemic. This allows us to
identify the second type of business in our scientific research — online courses. The
article of World Economic Forum states that some research shows that on average,
people retain 25-60 % more material when learning online compared to only 8-10 %
in a classroom. If we also take into account that online courses are cheaper than offline,

then the demand will constantly grow.

@ ves
® No

Pic. 3. Did you use additional education services during the lockdown?

Director of the Russian Association of Electronic Communications, highlighted
the digital platforms that have become the most popular during the pandemic. Among
them are also listed online stores [2]. Placing products online on certain sites allows us
to increase the profit from sales, because we only need to spend money almost on
storing goods in a warehouse and high-qualified managers [3]. In this regard,
respondents were asked to answer questions related to their online purchases. The
survey confirms that 55 % of people have become more likely to buy something in
online stores, 47 % have become more likely than before to buy food. This leads to the
following the third and fourth types of business, namely delivery services and trade in
food or ready-made products. They are very interrelated, as products are delivered
using delivery services, so it’s better to highlighted them together.
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Have you become more likely to buy
clothes and household items on
online platforms?

® Yes ® Yes
@ No, I buyin ® No
offline stores @ Ididn't useit
® Idon't buy then, and I don’t
these products use it now
|

Have you started using food
delivery services more often?

Pic. 4. Questions related to online purchases.

The survey also revealed one business line that is less likely to be in demand
after the pandemic. During the quarantine, people have the opportunity to visit
excursions and exhibitions online. However, as the survey showed, only almost 16 %
used this service, and the remaining 84 % did not. Thus, this type of entertainment will
not find its place in the market, because people still appreciate being outside the walls
of the house, they want to attend all events live and see with their own eyes.

By analyzing the preferences of people and their new habits formed in
connection with the pandemic we can guarantee the further development of those types
of businesses that, firstly, will simplify people’s lives in terms of saving time, and
secondly, will reduce the risk of contracting the virus due to the fact that these business
areas will allow you to work, study and generally survive without leaving home.
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